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PHYTOPATHOLOGY 

VOJ.UME XIII NUMBER 1 

JANUARY, 1923 

III. SKPTORIA DISEABE OF RYE, BARLEY AND 
CERTAIN GRAB8ES. 

GMOKan P. WniiER 
With Ninw Fiouhes in the Text 

Bia^TORIA LEAF BLOTCH OF RYE^ 

INTROmTCTION 

A (liHoast* was fouiwl ou the loavos of rye in (ho oxporimenlal plot 
ill th(‘ Hill Farm of Iho Univ<‘rbhy of Wibcousin.. On examination 
it was found to Ix' oausod by Septona t,eculi8 Prill, and Del. The loavos 
w<*r(‘ Iho only part of tlio ryo plant altackod. The lesions wore rather 
irr(‘{?ular in otilliiK' muffing from small, almost circular spots to larger 
arcMiH ofl(‘n involving the whole l(*af blade. The center of the spots 
was y(‘lIowihli 1 o ffrayish-whito as clcscribed by ICirchnor (6) in Germany. 
In many iuslances th<* yellow was entirely lacking and large portions 
of the ii'af were ffrayish-whito and thickly spooklcd with pyenidia. 
Leav(‘S were found infected from iho time of the appeanmee of growth 
in the spring until harvest. After bloBsoming time the infected leaves 
on the culm showed more bleaching than did the infected leaves earlier 
in the season. It was rt'portcd from different parts of France by Pril- 
lieux and Delacroix (9) in 1889, who described it on the loaves of Secah 
rercale. In the United States it has boon reported from Virginia, West 
Virginia, Illinois, and at this time from Wisconsin. It has not been 
found to bo of economic importance in this vicmiiy even though 100 
per cent of plants wore tnfeotod. It has been reported only on rye. 

* This is tUo third and last of throe artides by tho author on Soptoria diseases of 
cereals and certain grasses. The first appeared in Fhytopathobgy, Number 10, 
Volume XII, the second in Number 12, Volume XII. 
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CAUSAIi OBGANIfiM 

'^riu' causal organism was found, d(‘Scri]jo(U luul named H^eptoria ^c- 
caliti by Prillieux and J^elacroix (9) in 1889. Tlio fungus grows readily 
in euHure. Tlu' inyc(‘lium is hyaline, S(‘})1a1e, 1 to 2 [a in diameter, 
branched, and whitish in colonies. I’lie pycnidia are hu])epi<lerinal, 
black, globose to subglobose, smooth, 85 to 130(x in diameter. The 
pyenospores (hig. 7, 1?) arc hyaline, 3-sept ate, usually curved, occasion¬ 
ally straight, and rounded at the ends. The content of the pi'^enosporo 
is homog(‘iieouH or slightly guttulate. The pycnosporcs commonly 
mcasur(' 2.7 by 3r>ix, extremes 2 to 3.5 by 25 to 49 ijl. The pycnosporcs 
were exuded by soaking the leaf tissue containing pycnidia in water 
for from ten to fiftecm minut<'s. They were then suspended in water 
and placed on a potato-dextrose agar culture for germination, term¬ 
ination tulK's were found after from 6 to 8 hours. Transfers wore then 
made to culture t\ibos. In these tubes abundant mycelium was found 
but no eonidia or perithceia wore formed. Pycnosporc suspensions 
obtained in the manner described were used as inoculum and sprayed 
on a number of rye plants with an atomizer. The plants wore immed¬ 
iately placed in a moist chamber for 48 hours and then placed on a green¬ 
house bench. After two weeks a largo number of the leaves showed 
the disease with pycnidia present. A microscopical examination of 
the pycmosporcs showed that they were identical with those collected 
on rye plants in the field. A largo number of cross inoculations were 
made on other cereals and certain grasses. The summary of these 
rosTilts is shown in table 1 and rcpre,sentcd diagramatically in figure 1, 

As seen from table 1, and figure 1, Septoria sccalis was restricted to 
rye. It would not infijct any of tho forty speoioH and varieties of cereals 
and grasses tested, as shown by table 1. 

SUMMABY 

1. Tho disease of rye caused by Septoria secalis Prill, and T)el. has 
been previously reported only from Prance. It ha.s been found to 
occur more or loss sparingly in Virginia, West Virginia, Illinois, and 
Wisconsin. 

2. The disease has been found to bo of no economic importance. 

3. The causal fungus grows readily in artificial culture on potato- 
dextrose agar. 

4. The pycnosporcs arc hyaline, septate, and most commonly measure 
2.7 by 36tA. 

6. The fungus is pathogenic on tho leaves of rye and apparently 
limited to that host. 





WKitKii: Skptoiua I)isk\sbh 
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Sl^^PTOHIA LEAP BLOTCH OP BAIiLEV 


A (li^('aso of ])nr]('y (‘jni.scd l)y i^ophria pa.ss(’r{nii Saco, was fouiul in 
till* viainilyof Matlison, WiHcousin,iu B)20. flonh’tait 

pain (him oil till* arms of ilu* Univorsily jif Wiiifousiu wt'ro fimnd 

hoavily atlai'kod. ''flu* losions won* v(*ry iiulofinito in otiiliiio, Ihoiv 



Fia. 1 MUiuiuariisitiK tin* results of iuooulivtiou experiiueutH with**’’, u'l'tiluf 

l*latite numod ia rootauRlos worn iuoiiiUtitod with water HUttfKaisumB of pyRU<i.S£»orps 
from rye. The douonuaator ami numerator of tho fraetions desij?nnte tlio nutuUcr of 
loavea inoculated and loaves infootod respectively. Arrow indicates infeefion. 

being no ilefiniio lino of dt'mnrkation sopamting tho disoaMod and hoalf hy 
tissue but rathor a gradual blending fruiu tlio yi'llowish diHoast'd area 
to tho normal groon of tho healthy parts of the loaves, i'yenidia \vc>ro 
fairly prominent as miniature blaok speokfl on the yollow 'aroa. Tb(‘y 
wore found also though not always in a mature state in the gro<‘u tlsHue 
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surromidinK Iho yellowiKh piirtH. Inoculaiioii oxporimoulH won* coii- 
(luotcfl in. plots at tho Univorsily of Wiscoiihiu and Iho followiufj; 
symptoms of tlio diH('as(‘ worcj i)rodu(5od. 'fhe plaiifH ap])cnr(*<l normal 
until about tho ninth or tenth day aft(‘r inoculation at which time* ratlu'i* 
large, morn or h'ss irregvilar loaf areas bogau t o fado^ftml bocom(‘ yellowish. 
The color changed rapidly and on approximately th(' third day after 
tho green color began to faile, small black, speck-liJce ]iycnidia were 
noticeable. After twelve or thirteen days the pyonidia wen* fairly 
prominent and in cases whc're the whole leaf had been iiioc.ulati^d it 
turned yellow rapidly, drooped and began to die and turn ])rown. In¬ 
oculation experiments out-of-doors especially in the fall, and thos(‘ in 
the gi’cenhouse did not produce quite tho same symptoms of tlu' dis¬ 
ease. In the plots the green color in tho lesion appeared to be retained 
somewhat longer after inoculation than was tho case in the groA'iihonsc. 
The periods of incubation remained the same, however, as the disi'ase 
was reproduced under both conditions in approximately tho same tim(‘. 
In tho leaves on the plants out-of-doors the pycnidia were som<*timea 
found in unfadod green areas of the leaf. This disease has been report(*d 
from Italy by Passerini (7) in 1879, and from the United Htates by John¬ 
son (5) in 1916. In 1020 Passerini found tho disease on Ilordeum mmi- 
nuni in the vicinity of Parma. Johnson (6) found it in 1914,1916,1917, 
and 1918 on a large number of species and varieties of barlc‘y in North 
Dakota, South Dakota, and Minnesota. Ho did not make inoculation 
experiments and since the pyonospores were very similar to those of 
Septoria graminum Desna, ho suggested that they might bcth<‘ sam(‘. 
In tho vicinity of Madison, Wisconsin, tho kernels were not alTect(‘d 
even though all or nearly all of the leaves were heavily infected. 

Passerini (7) named the causal organism Ncp/onVrj/mrfna. Kaceardo 
and Trotter (11) observed the disease on leaves of Ilordcurn mtlgutr ami 
found that the causal organism was veiymuch like f^vpforia miiriua 
Pass. Haccardo (10) in compiling his Byllogc Pungorum found that 
von Thtimcn had already described a disease on Iris as /S', murhin and 
consequently ho ohang(‘.d S. nmrina Pass, to S. pasHcriniiy by which 
name the fungus has since been knovm. This disease was rc^ported in 
the Plant Disease Survey (8) to occur in tho United States, but to b(‘ 
of no economic importance. 

Morphology of tho Fungus 

Mycelium .—^In culture, very scant, hyaline, branched, septate, 1- 2g. 
in diameter. 

In artificial culture the conidia are cylindrical, straight 
or sUghtly curved, rounded at the ends, hyaline, thin walled, 3-septato. 
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Tho coiitpul.s nro honiof^onooiih or biiftlilly TIm' <*oni(lia siro 

indib'tinRuislial)l(' from "tlK' })yciio,sporoh, 1 7 lo 3 1>y 23 lo nv<*r«f;- 
inp: 2.3 by 



Fig. 2.—Dittftiarii Hhowiiipj tho funKus iwd as iiiopuliun (in the cirrhO, luirl tlu* gn»ui)S 
of host plants (m the reotanwU's). D(juotmmi,(o)s show the mitnbor of loaves imw ulalwl, 
tho numerators tho luuubor of leaves iufootod. 


Pycnidia ,—Tho pyonidia arc subopidonnal, black, Hmoolh, Rloboflo 
to subgloboso, SO to ISOt* iu diameter, wall psoudoparouchymalous, 
1 to 8 cells thick. The ost iolc is oval lo elliptical, smoolh, under Ht omat a. 

Pycnosporos, —(Fig. 7, II), Same as oomdia. IVoiioaporofi oxuded 
from pyouidium in long, fine, sorpentino threads. Very slightly piiiUhb 
in mass. 
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Cultural mid sjiorr (jcnnination .—The i)ycnos])ores were hecurod 

from the Ioeivor of iiifecic'd l)arloy plaid k hy soakinp; piece's of these 
loaves heariiif* pyciiitlia in water for five or Ion nuinitc's. '^riu* exuded 
pycuospores huspended in watc'r were list'd to iiioeiilate solidifietl potota- 
dextroHO aj^ar poured plales. 'Phe medium when solidifh'tl in jx'tri 
dishes was almost transparent. Previous to germinal ion (he pyeno- 
sporcs first enlarged, the sci>tations became more prominent and num¬ 
erous conidia were developed at the septa. These couidia increast'd in 
size until tht'y were very similar to the original pycnosporo. They in 
turn germinated by developing other conidia and after 72 hours a small 
colony was formed, made up almost entirely of conidia. There was a 
small amount of mycelium within the colony but none on the surface. 
The colony was raised, smooth, pink and circular. Transfers were made 
to potato-agar slantvS, and pinkish, raised, wrinldod growths were sub¬ 
sequently produced. Those colonies did not remain pinkish but insti'ad 
lu'gan to darken around the edge of the growth. After three or four 
weeks the whole surface of t,ho colony became black, shiny, wrinkled 
and more or less leathery. The pycuospores and conidia germinated 
well in water, germinating most commonly from the end cells but occa¬ 
sionally from either of the others. 

Pathogenicity 

Pycnosporo isolations were made from diseased leaves. Inoculation 
experiments wore conducted which resulted in the reproduction of the 
disease after about two weeks showing that the fungus was pathogenic 
on the loaves of barley. It did not attack the hulls of the kernels, liow- 
over. Both h'af sheaths and loaf blades were very susceptible. The 
pycnidia w(‘ro morti prominent on the sheaths and they were always 
distinctly a rranged in ro ws parallel (o the vascular strands. A t Madison, 
Wisconsin,tl 10 fungus lived over winter in a manner similar to S.tn'tici on 
wheat. More t,han 90 per cent of the pycuospores oollocled in the 
field in April, 1022, from barley plants which bad been heavily infected 
in September, 1921, germinated. 

A series of cross inoculations were made in order to detonniuo whether 
or not this fungus was pathogenic on wheat and other cereals. The 
inoculations were made on a plot containing about forty species and 
varieties of cereals and grasses. Tho inoculum consisted of a water 
suspension of pycnospores from infected barley leaves. The plants 
wore sprayed with the inoculum by an atomizer and immediately 
covered with paper bags for two or three days. The results of these 
experiments are given in table 6 and graphically shown in figure 2. 
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The inoculntioTis gave negative r(‘sults on all lioht plants tried (‘xcept 
species and vari('ii('s of llonUum. On the members of this genus in¬ 
fection was rather uniform. The disease was produced iu 1305 of the 
1792 leaves which ■vv(‘re inoculated. 

SUMMARY 

1. The Septoria leaf-blot eh of barley previously reported from Italy, 
and from North Dakota, South Dakota, and Minnesota in the United 
States has been found iu Wisconsin. 

2. The causal fungus lias boon found pathogenic only on species 
and varieties of Ilordcnm . It is of no economic importance at 1 lu‘ present 
time. 

3. The causal organism has been found to bo Sepioria pasm'mii Haoo. 

4. Pycnosporcs measure 1.7-3 by 23-40yi. 

5. The organism grows readily on potato-tlcxiroso agar, forming 
flesh colored colonics of conidia, becoming black with age, 

SEPTOTIIA LIOAF BLOTCIf OF QUACK GUASS 
(AGROPYKON RKPKNS) 

In connection with the investigations of the Sbptoria diseases of 
cereals conducted by the writer, ^vptm'a ngropyn Ell. and Kv. on 
Agropyron rcpetifi, hromi on Bromm inmma and Septoria s'p. on Boa 
prate7i!iiii wore isolated and grown in pure culture. Their pathogenicity 
was test('d on the various grains and grasses. 

This disease on quack grass (A^'opyron repem) was first not(‘d by 
Dr. J. J. Davis near Racine, Wisconsin, iu 1892 (1). From material 
collected by him, lOllis and Everhart (4) described th(* fungus in 1893 
as Septoria agropyri. The writer has uot(*d this disease (in virulent 
form on (piack grass) in various places in the vicinity of Madison, Wis¬ 
consin, during 1920 and 1021. In one case near the exporiment station 
plots the disease' was found on every plant, and on the average 00 par 
cent of the leaves W(‘re attacked and most of them wore completely 
invoWod. In this particular palch of quack grass the numlx'r of heads 
developed was reduced from 50 to 00 per cent. 

The symptoms of tho disease are characteristic of Septoria infections. 
The leaves are severely attacked and become yellowish and soon turn 
brown and die. Tho pycnidia are somewhat smaller than tho pycnidia 
of some other Reptorias but they are prominent and soriately arranged. 

CAXTSAL OBOANISM 

As previously stated the causal fungus S. agropyri was ch'soribod 
and named by Ellis and Everhart in 1893. 
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Mycelium. —RcanL in culture, hyaline, septate, branched. 

Pycnidia. —Hubepirlernial, black, subglobose, smooth, seriat(‘ly ar¬ 
ranged, averaging 11 ){)[jl in diameter. 

Odioh. —Narrowly ellii)ti(*al under stomata. 

Pyc?wiiporcs. — (Fig. 7, J>) Straight or curved, rounded ends, smooth, 
3-scptato, hyaline, slightly guttulate, 1.5-2.6 by 24-45(ji., most commonly 
2 by 34g. 

The fungus was readily obtained in pure culture by i.hc employment 
of methods already described. The pycnosporcs wore germinated on 
potato-dextrose agar plates. Single germinating pycnospores were 
then transferred to culture tubes. 

TTj)on germination the pycnosporcs enlarged somewhat and after 
from C to 8 hours, small buds were developed near the septa. These 
developed into conidia very similar to the pycnosporcs. These conidia 
in turn germinated aft(‘r 30 ho\irs and thus colonics wero formed, which 
were circular, raised, smooth, and of a pinkish rose color. After several 
days the surface became wrinkled and after two weeks it became black 
and more or loss tougli. I^lants of Agropyron repens both out-of-doors 
and in pots in the groonhouso were inoculated which showed character¬ 
istic symptoms of the disease after two weeks. A large number of 
cereals and gi’asscs were inoculated to determine the host range of 
this fungus. The data obtained are summarized in table 1 and the 
results represented diagramatically in figure 3. 

As shown in table I and figure 3, S. agropyri attacks Agropyron repons 
readily but none of the cereals or any of the other grasses tested. Other 
species of Agvoi)yron wore not available for testing at the time. 

SUMMARY 

1. The Soptoria leaf-blotch of quack grass was found in Wisoousin 
by J. J. Davis in 1892. The causal fungus was first described in 1803 
from Wisconsin material by Ellis and Everhart as Septoria agropyri. 

2. As far as known the disease attacks only Agropyron repmu. It 
is of no eoonomio importance, 

8, Mycelium, conidia, pyonidia, and pycnospores of the fungus have 
been developed on potato-dextroso agar cultures. 

4. The pycnosporcs and conidia are hyaline, 3-septato, They most 
commonly measure 2 by Sig. 

SEPTORIA LEAF BLOTCH OF BROME GRASS 

This disease of brome grass {Bromua inermis) caused by Septoria hromi 
Saoo. was found by the writer on the experiment station grounds at 



1923] 


Wkbmr: Septoria Diseases 


0 


Madison, Wisconsin, June, 1020. It was not very abundant but since 
it WHS found along the borders of grain fields infcct<'d willi Septoria 
diseases tlie fungus was isolatc'd and inoculation experiments conducted 
on the various grains and some of the grasses. Septona hromi was 
first found at ihirma, Italy, by Saeoardo, and described and named by 
him in 1884 (10). The fungus was first found in Wisconsin on Ji, .semf- 
invs by E. T. llariholomew in 1912 and in 3918 by ,T. J. Davis on H. 
altissimvs ( 1 , 2 ). 



Fio. 3.—Diagram showing results of inooulation oxporimonts with Septma agropifri. 
Pycnosporos weie sprayed on the plants named in tho roolanglos. Tho denominator 
and munerator of tho fraction show tlio number of leaves inoculaiod and tho number of 
leaves Infeelcd respoolivcly. 

Tho symptoms of the disease on bromo grass (i?. inermis) arc very 
similar to those caused by Septorias on other gramineous hosts. Tho 
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Fia. 4.—^Diagram summarizing the results of inoculation exyerimenis in wluoh 
pyonospores of Scptoria hromi Saco, wore used os inoculum. Ihe plants named in the 
rectangles were inoculated. The denominator and numerator of the fraction show the 
number of leaves inoculated and the number of leaves infected respectively. The 
arrow indicates infection. 
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infoetocl loaves usually turn yt*llowisli, dry up and die pmiial urt*)y. 
The pycnidia aro fully d('V(*lopod shortly boforo tho h'af Iw'fiius lo dry 
up. Tho loaf blades and loaf sheaths only have hocii found allaokotl. 
Tho disease' very seldom involves tho whole leaf an<l eonscfpu'utly it is not 
considered lo be of muehceoiioinicimporlance, ThofunKHh readily 
isolated in eultlire. The mycidium is whit e in oohniies but sinftlt' hyi>ha<' 
aro hyaline. The hyphae are branehed, septate, and often deeidc'dly 
vacuolate. The pycnidia aro subepidermal, si'riate, black, smooth, sub- 
globose, 80 T 10[i in diameter. The pycnospores are (Fig. 7, B) eylin- 
drical, septate, hyaline, usually curved, with ends roundcil, slightly gut- 
tulate, measuring 1.5 to 2,5 by 31 to 57g usually 2 by 43g (Fig. 8). Tlu' 
pycnospores obtained by soaking tho leaf in water w(‘rc sprayed with an 
atomizer on the leaves of a largo number of species and varieties of 
cereals and grasses. The inoculated plants wore covered for 48 hours im¬ 
mediately following inoculation. Tho results of thes(‘ (‘xpc'riuwuits ar<‘ 
summarized in table 1 and are shown diagramatieally in figure 4. 

As shown in table 1 anti figure 4, S. hromi will attack only Jirowua 
inermis. Tho host range on the genus Broimm has not as yet bet'u 
worked out. 

SUMMARY 

1. The disease of bronie grass (Brcnnm inevmu) caused by >S'. bromi 
has been previously reported only from Italy. It is reported h(‘re for 
tho first time in tho United States. Thus far, it has been found to btj 
of negligible economic importance. 

’ 2. Tho fungus grows readily in artificial culture. 

3. Pycnospores measure 1.6 to 2.6 by 31 to SOg, mostly 2 by 43(x. 

4. Tho fiuigus will not infc'ct tho common eoreals. 

LEAF BLOT(TI OF KENTUCKY BlAJE CRASH 

This disease of Kentucky blue grass (Poa pratensbH), caused by aSV'p- 
tot'ia sp,t was found by tho writer in Hepti'mbor, 1920, on the campus 
of the University of Wisconsin at Masson, fn certain areas every 
leaf was attacked by tho fungus. It was found that this fungus com¬ 
pared favorably with tho description of Sepiona gmmmum given by 
Desmaziorcs (3). An examination of tho typo material showed that 
the lesions were long and narrow, decidedly delimited by tho veins; 
also that the pycnidia winch were almost invisible to the unaided eye 
were seriatcly arranged, smaller, and measured 46 to 75 (jl in diameter. 
The pynoBpores were found to measure 1 by 22 to 38;i,. In contrast to 
this the lesions on blue grass were not delimited by the veins. They 
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Fia. 6.—Diagram summariamg tho results of inoculationa with pyonosporcs of 
Septoi ia sp, from ?oa p atensia, Coreals and grasses inoculated arc named in rectangles. 
The denominators and numerators of the fractions give the number of leaves inoculated 
and the number of loaves infected respectively. Arrows indicate infection. 
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fonnccl a circular or oval spot cilhcr at oiU‘ cd^c or across ilu' whole 
l('af. The pyciiitlia, mcasuriiip; 1)0 io ]2(/[ji. in dianu'ior, wc*r<‘ plainly 
visible to the iniaiilcd eye. ^’licy were much less closely serialcly ar- 
ranft(‘d. The pyonosi)on‘s measure 1 lo 1.5 by 21) 1o 57 (a. From the 
comparion wilh the type inalerial this disease on bhi(‘ grass is distinct 
from S. gmmhmm Desm. However, in a comparison of the de.soription 
of S. gramimim (whi(*h do('s not include' measureimuits) the two organ¬ 
isms appear to ])e closely related. The orgaiu.Mm on blue grass was 
cultured and the pycnospores were used as inoculum in cro.ss inocu¬ 
lation experiment fa to be described later. The symptoms were somewhat 
different from B('ptoria infections on the cereals. The lesions are more 
sharply deliinit(‘d, the band of yellow naiTOW(*r, and the center of the 
spot is kill'd quicker and finally becomes chocolate brown. The spots 
are dark rather than light colored at t.he time the pycnidia are mature 
wliich is not characteristic of Septoria diseases in the cereals. '‘I'he in¬ 
fection i.s also more localized on the leaves than in the cereals. Kntiro 
leaves arc seldom involved. The fungus grows readily in culturij. On 
potato-dextrose agar the mycelium is scant, brairched, hyaline, .septate. 
The pycnidia are subcpidcrmal, loosely seriate, smooth, black, sub- 
globose, about 120(jt.in diameter. The pycnospores are (Fig. 7, Cl) 
cylindrical, straight or slightly curved, hyaline, 3-KCptate, septa often 
indistinct, and rounded at the ends. 

The pycnospores were obtained in pure culture and upon germin¬ 
ation developed conidia and colonies. (Irowth in culture was found 
to bo very similar to that of )S'. tritici and iSf. agropyri. dross inocu¬ 
lations wore conducted on different cereals and grasses, the results 
of which are given in table 1 and shown graphically in figure 5. 

As shown in t.nblo 1 aiwl figure 5, this Hcplorm »p. on Poa pratenm 
will not attack t.he ceri'als or oi'rtain grasHes but attacks J*oa pratenm's 
fairly readily, 'flit' host rangi' in tho genus l*oa has not been deter¬ 
mined. 

SUMMARY 

1. Tho Septoria leaf blotch found on Poa pratenm at Madi,MOii, Wis¬ 
consin, is not aSi, gramimm Desm. 

2. Tho fungus grows well on potato-dextrose agar producing conidia 
abundantly. 

3. Of tho 40 different graiirs and grasses inoculated infections wore 
obtained only on Poa pratensis* 

4. Tho pycnospores of ibis fungus measure 1 to 1.7 by 30 to 60g, 
mostly 3,6by30ti„ 
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TABLE 1 


t'^anunaii/ of frotn imrulattnif vanoiui grams and gnt't'tin with fiiviii 

of Siptona a ltd Tjf ptosiiot no avmariit. 




of Irnvos 


H<>ur<‘os 

No. of lonves 








ilohts 

of in- 



Hosts 

of in- 




jcnluni^ 

Jnoc- 

Dih- 


oculuud 

Inoc- 

DiH- 



iilutod ( 

vused 



ulaled 

casod 


1 

41 

0 


1 

14 

4 


2 

2i) 

0 


2 

22 

0 

ivena 

3 

10 

0 

Avt‘na 

3 

22 

0 

lmrl)at.T, 

4 

109 

0 

brevis 

4 

13G 

0 


f) 

131 

0 


5 

127 

0 


G 

20 

0 


(> 

3G 

0 


7 

181 

0 


7 

168 

() 


8 

25 

0 


« 

14 

0 


1 

43 

7 



3G 

4 


O 

31 

0 



52 

0 


3 

8 

0 



20 

0 

Avenn fatUa 

4 

171 


Avena nuda 


108 

0 


5 

112 


chinensis 


136 

0 


G 

28 

0 


G 

23 

0 

1 

7 

170 


1 


186 

0 


8 

12 




26 

0 



96 

18 



40 

11 



38 

0 



14 

0 



IS ! 

0 



19 

0 

Avenasafciva 


170 

0 

Avena sativa 


133 

0 

(Culbertson) 

6 

149 

0 

nigra 

6 

120 

0 


0 

20 

0 


■■ 

12 

0 



170 

0 



184 

0 



21 

0 


Bfl 

29 

0 



31 

6 


1 

43 

8 



23 

0 


2 

62 

0 

Avoua sativa 


7 


Avena stcrilis 

3 

17 

0 

orientalis 


119 

m 

(I>) 

4 

137 

0 


6 

124 

■ 


5 

116 

0 


G 

9 

■ 


6 

20 

0 



167 

■ 


7 

106 

0 



22 

Ie 


8 

21 

0 


*■ The ittoculum used in these experiments consisted of spore suspensions of the foU 
lowing fungi: 

1 . Leptoiphaervx aveTnaria 5. SeptoHa pasaerinii 

2. Septaria agropyri G. Septoria eecalia 

3. Septoria bromi 7. SeptoHa iHUci 

4. Septoria nodorim 8. Septoria ep. on Poa prateneia 
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No. of leaves 



No. of leaves 

Hosts 

Sources 



IfostH 

Sources 



of Ul- 


wm 

of in- 




ocuhun 

Inoc- 



o<‘uliun 

Inoe- 

3>w- 



Ilia ted 




ulated 

eased 



6G 

11 


1 

47 

3 



12 

0 


2 

38 

0 



4 

0 


3 

18 

0 

Avona stcrills 


130 

0 

Avcna stii(;osa 

4 

130 

0 

(a) 

6 

129 

0 


5 

13(> 

0 



7 

0 


0 

20 

0 



211 

0 


7 

183 

0 



17 

0 


8 

25 

0 



31 

0 


1 

77 

0 



20 

0 


2 

1 51 

(J 

Ilordcinu do- 


27 

0 

Iturdoiun hors- 

3 

20 

0 

ficiouB 


132 

0 

fordianum 

4 

2S7 

0 


5 


91 


6 

387 

221 


G 

32 

0 


G 

37 

0 


I 7 

188 

0 

1 


400 

0 


8 

38 

0 



41 

0 



18 

0 



24 

0 



32 

0 



27 

0 



6 

0 



21 

0 

Hordoum dutic- 


140 

0 

iCuideum diB- 


130 

0 

hon preotmii 


129 

110 

iiohon nudum 

6 

159 

13S 


0 

29 

1 0 


6 

20 

0 



2irj 

0 



200 

0 



28 

Li 

« 


20 

0 


1 

19 

0 



18 

0 


2 

31 

0 



11 

0 


3 

17 

0 



12 

0 

ICordouiu 

4 

172 

0 

riordeum 

4 

0 

0 

iichun 

f> 

105 

130 

ju1>aiiun 

5 

0 

0 

nuions 

G 

30 

0 


0 

0 

0 


7 

103 

0 



91 

0 


8 

16 

0 



0 

0 


1 

22 

0 


1 

20 

0 


2 

36 

0 


2 

32 

0 

Hordoum vulgare 

3 

10 

0 

Hordoum vul- 

3 

17 

0 

oocruloscons 

4 

111 

0 

garo hoxa«- 

4 


0 


5 

140 

124 

tiiohum 

5 

■Sh 

98 

1 

0 

23 

0 


0 

HI 

0 

i 

7 

204 

0 




0 


8 

, 10 

0 



HU 

0 
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Ilost»» 

< 

1 

Sources 
ol in- 
xjuhnn 

STt). of I, 

inoc- 
ulatiHl ( 

eaves 

Dis¬ 

used 

JlosiH 

Hourcefl 
of in¬ 
oculum 

No. ol 

Inoc¬ 

ulated 

leaves 

Dis¬ 

eased 



21 

0 


1 

23 

0 



;io 

0 


2 

31 

0 

Hordeum vulgaio 


26 

0 

Hoidcum vul- 

3 

G 

0 

Himalaya 


192 

0 

gate nigrum 

4 

136 

0 


5 

131 

101 


6 

130 

01 


6 

85 

0 


6 

22 

0 


7 

184 

0 



321 

0 


8 

31 

0 



37 

0 



20 

0 


1 

26 

0 



38 

0 


2 

47 

0 



23 

0 


3 

8 

0 

Ilordoum vulgare 


160 

133 

Hordoum vul- 

4 

120 

0 

pallidum 


160 

0 

gare tri- 

5 

149 

110 


0 

11 

0 

furoatum 

6 

43 

0 



239 

0 



210 

0 



17 

0 



18 

0 



0 

0 


1 

29 

0 



11 

0 


2 

101 

0 

Barley, Mauriat 


0 

0 

Secale oerale 

3 

22 

0 

X Lion 


180 

0 


4 

346 

232 


6 

27d 

214 


6 

182 

0 


0 

21 

0 


6 

72 

71 


7 

123 

0 



266 

138 


8 

31 

0 



22 

0 



118 

0 


1 

32 

0 



101 

0 


2 

30 

0 

Triiioum 


74 

0 

Triidcum 

8 

11 

0 

aastdvum 


769 

634 

cozapaotum 

4 

100 




690 

0 


5 

148 

0 


6 

90 

0 


6 

28 

0 


7 

763 

660 



191 

104 


8 

66 

0 



81 

0 


■m 

66 

0 


1 

36 

0 



66 

0 


2 

26 

0 



24 

0 


8 

21 

0 

Tritioum disooovux 


317 

218 

Tiitioum 

4 

160 

122 



dig 

0 

durum 

5 

148 

0 


6 

63 

0 


6 

20 

0 


7 

411 

0 



181 

124 


8 

86 

0 



33 

0 
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No ot 

IcavoB 



No. of li* ivcs 


Soiiroofl 

— 

-- 


Sources 




of in¬ 
oculum 

luoo- 

Dus- 

Hosts 

of in¬ 
oculum 

Inoc- 

I)is- 


ullltofl 

casod 



ulatt'd 

cas(*d 


1 

32 

0 



31 

0 


2 

18 

0 



30 

0 


3 

S 

0 



16 

0 

Tiiticmn mono- 

4 

IGO 

100 

Tiitieum 


172 

120 

cocoum 

5 

133 

0 

polonicum 

5 

160 

0 


0 

IS 

0 


6 

24 

0 


7 

200 

134 



203 

124 


8 

9 

0 

... .... 


22 

0 



26 

0 




0 



30 

0 



14 

0 



18 

0 




0 

Tritimun '4pplta 


216 

166 

Triticum 



115 



152 

0 

turgidmn 

6 

122 

0 


0 

39 

0 


0 


0 


7 

138 

100 



1S3 

133 


« 

10 

0 



12 

0 


1 

35 

0 


1 

24 

0 


2 

41 

38 


2 

17 

0 


3 

14 

0 

Bromus inormis 

8 

20 

10 

Agropyroa roi>pns 

4 

234 

0 


4 

23 

0 


6 

145 

0 


6 

11 

0 



84 

0 


0 

14 

0 


7 

216 

0 


7 

no 

0 


b 

35 

1 

0 


8 

12 

0 


1 

17 

0 


1 

10 

0 


2 

81 

0 


2 

16 

0 

Chaoiuchlua 

3 

6 

0 

Ohaobonldoa 

3 

17 

0 

italica 


01 

0 

viridh 

4 

109 

0 



«0 

0 

1 

6 

102 

U 



16 



0 

20 

0 



148 

0 



19 

0 


Wm 

10 

1 

0 



11 

0 


1 

17 

0 


1 

26 

0 


2 

21 

0 


2 

9 

0 


*3 

10 

0 


3 

0 

0 

Eohinoohloa 

4 

109 

, 0 

, Paodoujn 

4 

00 

0 

orua«galU 

5 

78 

0 

clandesiinum 

6 

71 

0 


3 

29 

0 


0 

24 

0 


7 

178 

0 


7 

127 

0 


8 

0 

0 


8 

13 

0 
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No. of loavos 



No. of 

Ipavea 


Soun'os 




Souwotf 



Hosts 

of iu- 




of in- 

Inoc- 

Dis- 

ofuhinv 

Inoc- 

Dis- 

oculiim 



ulaltsl 

(■awd 



ulatod 

(•awcl 


J 

ir» 

0 


1 

.54 

0 


2 

2.5 

0 


2 

12 

0 



0 

P 


3 

le 

0 

Piuanisctus glau- 

4 

7<) 

0 

Poa pratcusis 

4 

2H7 

06 

c\un 

5 

82 

0 


.5 

200 

0 


6 

22 

0 


« 

2.5 

0 


7 

151 

0 


7 

183 

80 


8 

10 

0 


8 

38 

17 


Tabic 1 ha« boon discussc<l more or less in the scvonil parts of this 
paper under the <liffcr(‘nt (lisoascs. This table contains data from all 
of the inoculation experiments conducted. Eight distinct species 
of Septoria have been used sopamtoly as inooula in inoculating eaeh 
of the plants given in this table. The data show that Leptosphaeria 
avenaria from oats, Septoria pasf^erinii from barley, S, secalis from rye, 
8. agropyri from quack grass, S* hromus from bromc grass, and Septoria 
8p, from Poa pratonm are sharply specialized to tho hosts on which 
each was found. While S. tntici and S. nodorum are less specialized 
in that, in both cases, thoy attack rye and Poa pratensis in addition 
to the different species and varieties of wheat. 

SUMMARY 

1. On oats, wheat, Imrley, rye, and cci-tain grasses (Eig. 0) there is 
a group of similar diseases caused by a number of closely related species 
of Heptoria, These species have been fotmd to bo morphologically 
and physiologically distinct. The Jiscigerous stage of one of tlH*so 
species has been found. 

2. Certain of these diseases occur widely distributed tliroughout 
tho world and may become of considerable economic imporlanoe, while 
others are known to occur only locally and, as far as Imown, are of no 
economic importance. 

3. Most of these diseases occur only on the loaves. One of them, 
however, is found on the glumes of wheat. In this case the lesions 
are localized, usually brown in color with pyonidia present in the later 
stages of development. On the leaves the lesions are, in general, similar 
on the various hosts. In each case, the lesions are localized, of various 
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sizes uud forms, vnrioo.sly bli'iu'hetl or discolored, and in Ihe hder .slaves 
they show lh(‘ pr(‘S(‘uee of <lark eoloretl i>yenidin. 

4. On oafs Hkmh' oeenrs only one disease of Ihis grou]). 11 iseauHed 
hy th<‘ fuiipis previously knowj] as ^^eptona uiu'nac Frank. JIow(‘va‘r, 
Ihe aseifterous staple of (his fungus has l)een f<»und wliieli prov<*s lo ]«» 




Ji’ici. (1. -"Humniury of the iMWiiivts results obtained as sliowu in iabit> (h The ciwb**' 
reprosout b)io j)lauts iuo(ntlalc<l) the roobnntdob, the organisms wllli which the inocula¬ 
tions wore nwido. Arrows indicate infoetion. 

a epcoios of Leptopphaeria. Tho apocific name aveme having l)0(‘n 
previously used in the genus Leptosphaoria for another fungus, a new 
species name L. aoenaria is given* This fungus attacks only oats. 
On wheat there are two diseases caused by Septoria mdmtm Berk, and 
8. tritici Desm., respectively. Both of these fungi have tho same host 
range. They both attack rye and Kentucky blue grass in addition (o 
wheat. 
















Fig 7 —Cameta lucida diawmgs of pycnosporpa collected m the field Magnification 
the same throughout A Septona Mun. on wheat B Septona &rom« on brome 
graas {Brormt mervm) 0 S^pUna «p on Kentucky blue grass (Poa praietms) 
J) 8<eiptorw egropyn on quack grass {Agropyron repena) E Sapima aacaha on rye 
F Leptoaphoeiui avmana on oats G Septona nodorrm on wheat H Septona 
paaaanmt on barley 
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Tlioro is also a discabo of ryo caused by S, .sccrtb.s Prill, and Del., which 
is pauisiiic on lyo only. 

On l>arl('y Ihcro is only one disease of this Rrouj) which is caused by 
pai>f>( vtni Hacc, A disc'ase of quack grass, bromc grtijss, and Iv(*ntucky 
blue grass, caused by aS. agropyn Kll. and JOv., <S'. hromi Wace„ and 
toiia s/>., r(*spec1iv<’ly. 

5. While Ihe eight spi'cics of fungi conceined arc in general very 
similar, Oiey ar<' also distinctly different both morphologically and 



Ii’id. 8 —(Iroph Mhowing >vi(Uhfl and lengths of pycnoMporcs of different fiuigi uh hi- 
dieatod I'liwdi graph reproaeiils 100 spores meamut'd. In each pime tho ordinates 
indicates the poreeutugca of upcres of dilfcrcut length (luiuicrouH) and width in tonths of 
mlcarons, um indicated hy tho absciHaao. 

physiologically. The ascig<‘rouB Hlage has heeu dcfmilely found for 
only one of these fungi, namtdy Leptosphaeria avenaria. The pycuitlia 
of each, however, are fairly characteristic both as to form and size, as 
shown in figures 7 and 8. JSeptoria tritici has the largest pyonosporcs 
and S, nodorum tho smallest. The pycnosporcs of Septoria (tp. from 
Poa pratensia are the most slender. Those of S. bromi and S. pasa&rinii 
are tho most alike, those of the latter, however, being somewhat shorter. 
Tho pycnosporcs of Leptosphaeria avmatia and #8. agropri aro similar in 























































■)7 


Pji\joi VII10L0( y 


[\OT J3 


slujM those of the foimo IkiUjJ; distindly ^vuI i VU (it,ht 
s])ocKs ^low 1C ^dil> and i)ioduc( iiycnidixon \iiihci il im di i S pfnta 
Ini (I S p(t (I nt S (I! i pif i uid Srplona sp lioin P<a p tl t s 



lio 9-~Oaraua luutU diiwints of pyoao<»porc9 gorauxwtxnK on potato dtxirouo 
agar plat^ A Li,pto9pJMena avinana B 8<,pU»ia hromi C 8 aecaht D S 
nodorum T1 8 ap on Poa ptaimaia 1 5 paaaanmt Q 8 agropyn II 8 
inbtoi, also 5 day old oolony 

With the exception of 8 tntvyi (H) growth at left and right is 24 and 4$ hours old 
respectively Growth of 8 intict (H) at left is 24 and at center 48 hours old At 
right 18 a 6 days old oolony 

produce coziidia from scant hyaline myeehmn As cultures get older 
olivaceous hyphae are produced In contrast to these, Leptosphaena 
avenana^ Sepiona nodorum^ S recalls, and 8 bromi produce abundant 
mycehum, which is cottony at fiist, later becoming more oi les<3 olivaoe- 
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OUR. Ill tlu‘ liiUcr Rroup conidia havo liooii nolod only in c'ulturos of 
S. nodonaii, and llioro only randy. In the latlor g^roup ih(‘ pycnosponvs 
j*c'rmii]a1o by I ho produedion of an abundaid myoolium, whilo in Ihe 
former only hcaut myoolium and abundanl conidia an* formc*<l !)). 

0. Idle pathological changi'R in the liosl tiRRUC cauHod by tlieei* eight 
fungi arc .similar. The mycelium grows between the cells of tin* par¬ 
enchyma. The pycnidia arc bubi'pidermal in substoinatal chainlK‘rH. 
In the caso.s of Leptosphaeria avennria on oatR, S. tritici and nodarnm 
on wheat, and &. puhserimi on barley it was found that the germ lubef. 
pi'notrate the cuticle. Tlu'y then grow in between the epidermal and 
jiarenchyma cells. 

7. As a result of inoculation experimemts thi* ineubation period has 
been found to ])c from 11 to 15 days. The incubation period is lu‘re 
eonsidored to be the time elapsed between the sowing of the spores on 
the host tissue and the maturing of the pycnidia. The first symptoms 
heeomo notic(*able about 8 daykS after inoculation. 
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THE TRANSMISSION OF SUGAR-CANE MOSAIC) UY 
APHIS MAIDIS UNDER FIELD CONDITIONS 
IN PORTO RICO. 

C. E. CnA.uDONA.ND R A Vnvn. 

With Onk Fianun in thd Test. 

Duiing the course of an investigation on the ecological factors bearing 
on the spread in the field of the mosaic disease of sugar-cane, th<‘ senior 
author has repeatedly realized the importance of insects as the probable 
agents for the transmission of the disease. The relation of rainfall, 
humidity, temperature and ago of the cane plants to the spread of the 
disease is considered as important, especially since very little is known 
about them; but the (luestion of the transmission of the disease by insects 
has come forth as vital, since it is only after a thorough comprehension 
of it, that we can understand how the spread of the disease takes place. 
How is the disease transmitted in the field? What insects are responsible 
for its transmission in the field? These questions have, to the present 
time, defied aH the attempts made by entomologists to solve them. 

The work of Brandes (1), in this respect, has proven to be very guiding 
and suggestive. Ho succeeded in transmitting the disease from diseased 
to healthy plants by means of the com aphid, Aphis maidis, in the 
greenhouses at Washington, D. C. His results have been accepted as 
conclusive. Brandes, however, did not actually solve the problem of 
insect transmission in the field. In the discussion of his results ho says 
(p. 137): *'Just what insects are responsible for dissemination in the 
oano regions remains to bo proved. ** The fact that Aphis maidis docs 
not ordinarily occur on oano has led entomologists to pay little or no 
attention to it, and has induced them to try oxtonsivo cage experiments 
using other insects which are known to occur on sugar-cane. All those 
attempts have met with failure. 

Sm:^h (6), in 187 trials with different insects, had only 4 successful 
takes, and each one of them with a different species of insect. Ho 
says (p. Ill): “In view of the small number of successful inoculations 
secured, as compared with the rather large number of tests made, under 
conditions which were considered favorable, the question of insect 
transmission of cane mottling disease can not be looked upon as settled. ” 
In another publication (6), he states that out of 310 additional experi¬ 
ments, only 9 gave positive results. The work of Smyth has been con- 
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liimcd by Wolcott, who has inihlishcd a coiiiprehouaive stiuly (7) of 
all the miuor suftar-caiio insects of Porto Rico. The imporlaiice of the.s<* 
minor insects, ho says (p. 5): “lies not in the injuries which (hey cause 
directly, but in the possible coiniection that may exist between one, or 
some of them, and the rapid spread of a disease, now to Porlo Rico, 
the mottling or mosaic disease of sugar-cane. ” Ho paid special attention 
to the study of tlio loafhoppors, whoso abundance in sugar-eano holds 
has attracted the attention of all workers on the disease. Wolcott aeeoi>ts 
Brandes' work, but in rcgar<l to the occurrence of Aphis mahJis, he 
says (p. 34): “The corn aphis has not been found on cane in Poiio 
Rico. It can nut in any way bo considered responsible for the tran,s- 
mission of mosaic disease of sugar-cane under field conditions in Porto 
Rico.” Further transmission exporiments carried on by Wolcott, at 
the Insular Experiment Station, and using the common l(‘afhop])or 
Kolia si'milis, have mot with failure. The results of tlio insect trans¬ 
mission experiments at the Federal Experiment Station at ATayaguez, 
P. R., have not been published yet, but 86 trials have boon made by tlu' 
entomologist, especially with the yellow aphis, Sipha Jlam^ and all 
of them have given negative results. Lodeboor (4), in a short report 
from Java, reports a successful inoculation with Aplms sacchaHj but he 
does not mention the number of failures, and consequently, his work 
seems quostiouablo. Thus the situation as regards the trausiniasion of 
the disease by insects, and specially, the spread of the disease in tho 
field remains, as Prof. F. S. Earle (3, p. 18) says: “dependent on .some 
factor or factors as yet absolutely indisooverod. ” 

In a vciy recent publication, Bruner (2) has succeeded in duplicating 
Brand(»s’ results with ripAfs •nmidis^ at tlio Experiment Station at Santi¬ 
ago dc las Vegas, Chiba. In two sorios of oxporimentH, ho succeeded in 
getting 14,2 and 11,1 per cent positive inoculations with the uso of tho 
com aphid. In his opinion, however, tho question of tho insect tran.s- 
mission in tho field is still unsolved. Ilo says (p 21): “Eviai if the 
evidence shows that tho green corn aphid can transmit the mosaic dis¬ 
ease of sugar-cane, it does not solve tho problem of dissomlnation, 
because tliis insect does not attack cane under ordinary field conditions” 
(in translation). 

In view of tho diversity of opinion of different authorities on this 
question, wo have conducted fidd oxpenmonts, which in our opinion, 
have given us a duo towards its solution. We are attempting, for the 
first time, to give an explanation of how tho spread of the disease in the 
field actually takes place, The sequence of events loading us to those 
experiments are as follows: 
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In one of the fields under ()])h(M*vnlioii by tin' honior aulhor, loented 
id Himtn Kiln, P. IP, JNIr. Wolcott fouiul un lUuindiuice of Aphiti 
ill (lie ceutnd wliorl of lenve.s of 1h<‘ youn{>, cniic pltiuls. lie could not 
huy where the npliidu entue from, thero beinf; no corn nor Horshumin the 
iovniediate vioinity, but it waH observi'd that tbiu unexpected iuvahion 
by tbo uphidH wan followed I>y a suddini spread of the, diaoaKe. Tho 
exact porcentafto of niosaio infection in lliia held follows: 

Pi fid No. //': Ocl. 11 11 per eeni 

Hatilii llila. Nov. 12 11 3 “ “ (aphids eolleetud Oei, 20) 

D('0. <) ll.O S “ “ 

Jau. 7 43 2 “ “ 

I'Vb 20 51 4 “ “ 

A duo iniportanco was attached to this phenomenon, and in sub¬ 
sequent trips around the island, the senior author made special search 
for the aphid. It was found to occur in practically every sugar-cane 
field in Porto llico. It was not living on cane but occurred on various 
eoininon gi'asses. Curiously, however, after tho weeding of a field, tlio 
apliids ptussed to the cane plants and lived in tho central whorl of leaves. 
This oliligato change of hosts, that is, from tho grasses to the cane, was 
invariably followed by a sudden spread of tho disease, irrespective of 
tho presence or absence of leafhoppers or other minor insects. 

With these facts on hand, highly suggestive of success, the need of 
oxporixnontation on the subject becamo urgent. Tho Fajardo Sugar 
Co, very kindly volunteered its services to construct the cages needed 
for tho experiment. Wo are specially indebted to tho manager, Mr, 
Jorge Bird, for tho interest he has shown in our work. The experiment 
was started under tho direction of tho junior author, in charge of the 
Pajardo Sugar Co. Experiment.^ Station, and his immodiato assistant 
Mr, Luis do Colis, who has taken special pains in tho dotadls of tho 
experiment and which have decidedly contributed towards its final 
success. 

Two inseot^proof cages, 24 by 14 by 5 foot woz’o constructed, using 
a fine mesh oheoso-oloth. They wore erected in tho middle of a cane 
field, so as to be under perfect field conditions (Fig. 1), 48 seeds of the 
susceptible variety DIIII were planted in each cage at the ordinary 
field distances. In one case half of the seed used was diseased and the 
other half healthy. Field observations in the adjoining fields had shown 
Aphis maidis to occur on the common weed *‘malojillo” {EHochloa 
svbglahra). An abimdanoe of this weed was planted in cage A, and a 
number of corn aphids introduced Ln it. Cage B was kept free from 
weeds and insects, so as to serve as a check on cage A. 

A perfect germination of the cane seeds was secured, and the “malo- 
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31II0 togoihci with otlici weeds gu w luxuii mil> lu cigf A All weeds 
weio syslciuatie illy kept down iii c ige' B One menith iftei pUutiuK 
th(> seed when the c me phnlaweic b Smeheshit^h i thoiougli wtceliug 
of cige A wis done' by i liboiei Among the we eels killeel weie / no- 
tliloa suhglaha Cyponis loiuttdu^ 1 cfi nochloa lolona lUusine mdm 
Synthi, isma sanqianali Poitulacca (Utatea (hamac iju hypDitjola 
ConuiiiJ na p Amaxintus ^puiosus xiid Ipotnota t liai(a \jne)iig the an 
the milo)illo (/ me/Zoa seelaylnbrn) w is eleeidoelly the pieieiieel 1 least 



1 eta 1 V VI of th i, s iM el m Ih 1 el I li 11 1 1 si i \jeim nl ut lajirlr 
V W 

ioi the uphid, ilthough i few yeie seen on I ehmeKIiloi 1 leusiut lud 
Syntheusmi 

Ihe wec'clnigwiselone it 5 B At I iwlyiu the'next inoinmgthe iphids 
wac seen eipp iicutly leeehng lu (he' eenlial whoil cd It ivos of the young 
canc plints Ihey sUytd 011 the e me' foi seme tune but is soon is 
woodb stalled to come' up they weie been on then fivonte Iiosls 
1 he' i csulls 1 edlowoel in quit k sut,c t ssion 1 wo wt t ks I itc i in e viele nt 
case of se'concUiy infection appe'tned m i/ige A 17 diys htei i moie 
casos ipptaie d, ind it the end ol two months 15 out of the 24 pi luts h lel 
conti acted the* ehse ise This k pic scuts an inledion of 62 5 per cent 
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In cage used as a ehook, no rases of transmission liave oeeuriod and all 
ihe lusillliy planls have* lenuiiued hraliliy for a pciiod of over ■lluco 
monlhs 

Three of the Rrasses present in ea};o A, fiyntherli^nm sa7Kiiniinli}t, 
Jilleiikuic nidica and MchinoLhloa (olona, very unexpectedly caiuo out 
showing true symptoms of mosaic. It will be roeallecl that all Ihree of 
them acted as hosts for tlie aphids. JSriochloa mbglabra, the favorite 
host foi the insect, did not show symptomis of mosaic, being apparently 
immuriG to it. 'I’his is not the first record of grasses becoming affected 
with sugar-cane mosaic. As a result of cxporiinonts Brandos rofiorts 
tlireo species which boeaino affoeted with the disease. One of them, 
Synthp) ibnia i>anguinaht}, is the same one that we report here. 

Ft must bo stated here to the credit of the experiment, that the region 
of Fajaido is far remote from all possible source of indeotion. There 
were no cases of the disease in all the fields adjoining our experiment. 
C'onsoquently, the cases of secondary infections in cage A, must have 
come from the disease planls present within the cage itself. The disease 
must have also boon transmitted by Aphis maidis, the only insect 
present. The proof for this last statement is that in cage B, whore the 
aphid was absent, no transmission of the disease took place. 

No further discussion nor comment about the experiment needs to 
bo made, but its importance, in the opinion of the authors can not be 
overestimated. It opens a field of investigation partially neglected 
before, and suggests many experiments of an outomologic and agronomic 
uatuio bearing on the practical control of the disease. We consider it 
as a positive duplication of Braudes work, under ordinary field conditions 
at Fajardo, P. B., and with the use of insects common to that region. 
Since the rainfall, Iminidity and temperature records at Fajardo, during 
the time the exponmont was running do not differ substantially from 
those of the rest of the Island, wo are led to believe that they represent 
the field conditions of most of the augar-cano growing regions of Porto 
Bico. 

We do not feel justified yet, to draw definite conclusions with regard 
to the insect transmission of the mosaic disease of sugar-cane and our 
experiments are given here merely as an introduction to the problem 
of insect transmission in the field. Much remains to be done yet. We 
feel safe, however, in saying that we have field observations and experi¬ 
mental evidence pointing out to the facts that: 

1, Aphis maidis is found, with more or less abundance, in various 
grasses occurring in the sugar-cane fields of Porto Bioo. 
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2. After the weeding of the fields, Aphis inaidis passes to tho sugar¬ 
cane plants living in tho central whorl of loaves for a period of time, 

3. During the short time that it stays on cano, Aphis maidis transmits 
the infoctivo substance of the sugar-cane mosaic and carries tho 
disease from diseased to healthy plants. 

Bio Piedras, PoitTO llico 
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A METfKm OF FIIOTO(llUPinN(} HPOHIO DIS- 
CJTIAIUJE FKOM APOTIIEdA 

l\ Dickson akd W. 1^. Fibin-B 
With Two Fiovinis in Tiifi Tiat 

Ouiiiif*: some hlu(li<'H on the factors govenmig apoOiocial foiination 
in ScUrotDiia hhcitiana Fckl., an exceptionally large nnmb(‘r of apo1he(*ia 
were obtained, in several instances more than on<* hundred of them 
arising from individual sclerotia. It was suggested by Professor II. II. 
Whetzel that an attempt l^c made to ])rocure a photogi*aph of the spoie- 
eloud (‘Uianating from thenc fruit bodies, and, after some experimenting, 
the endeavour met with unusual suecoss. This being llu* case, it is 
thought worth while to outline the method employed in making the 
photograph, in order that otherb may profit by our experiences. With¬ 
out doubt, such illustrations may bo effectively employed to give a 
vivid id(‘a of the aerial diBsemination of fungous spores. 

So far as can be ascertained by the wiiter, no such attempt at photo¬ 
graphing spore discharge has over been reported before, although Pethy- 
bridge,^ depicts whaL ho calls “ cloud-like puffs of spores” from ai)<)theeia 
of Sck7'otinia sclcrotwrmti from potato. In this case, however, it is 
surmised that tho apothocia were allow(‘d to discharge their spores 
upon a ilat surface and wore then photographed, the spores not being 
actually in motion at tho time. 

Tho photographs ae«om])anying this note wore made by the junior 
author, photographer for the Deparlmout of I*laut Pathology, using 
a camera equipped with a Voighilaender “dynar lens.” An Jtlaslman 

portrait stxp<‘r-spocd film, ” which is probably the fastest on the marki't 
at tho prcBcnt time, was used. Tho aperture was set at f. 0. 3 and tlu* 
exposure given was 1 /100th of a second. 

Tho osaontials upou which success depeiida may he smnmarizeil as 
follows:— 

1. Tho apothccia, apart from being sufficiently abundant, must bo 
in good condition, in order to produce a cloud of maximum density, 

2. Tho background must bo black or as nearly black as possible, 

Tho matter of the actual growing of tho apolheoia will not be dealt 

with hero but will be reserved for a futuro paper. In order to ensure that 
they would bo in good condition for discharging spores a layer of ab¬ 
sorbent cotton, saturated with water, was first placed on tho inside of 

1 Pethybridga, George H. Potato diseases in Ireland. Jour. Dept. Agric. and Tech. 
Instruot Ireland 10. 241-266. 8 Jig, 1910. 
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Fig 1 Photogiaph showing Uie positiin of Uio dish (ontaining apotheeia» 
and tho background when leady for photogiaphmg 


.r- 



Fig 2 Fhotogrph showing spore cloud emanating from apotbecia of Sekroiitm 
hberhma FokL 
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the lid of a six inch “stondcr dish." The Hclcrotia with apothcchi wore 
ihen arranged ui)oti this layer of cotton in the exact posit ion in which 
they w<‘rG to Ix' photographed, and the stender dish itself iiiv(‘rted over 
tlu'in. The whoU‘ was tluni placed out-of doors in a ahad(*<l spot for 
three days to allow the asoosporcs to inat.\ire. With this arrang<nneut, 
no disturbance of the apotiuuna was necessary bcfor(‘ the photograph was 
actually taken. This was important, for, lus is well known, discharge of 
ascospores from t.hc apotheciji takes place on the least disturbance, 
especially if the cover should be removed so as to allow slight air currents 
to reach the apothocia. About two hours before the photograph was 
taken, the dish containing the apothocia wtis talcen inside and placed 
in the position shown in figure 1, which illustrates the general plan 
ado£)tod. 

For a background, an empty box was first lined on the inside with 
Idack paper to render it light proof, and this, in turn, was covered with 
black velvet. ''I''he table was then arranged in a corridor, near a doorway, 
so that direct sunlight came from one side, illuminating the apothecia 
without sinning into the box. Tn this way, a jet-black background was 
obtamod. 

At first, some difficulty was experienced in the focusing, for this, of 
necessity, had to bo done while the apothecia wore still oovorod. To 
overcome this difiioulty, a small object (a “thumb-tack” was used) was 
placed on the top of the dish, immediately over the centre of the mass of 
apothocia and a sharp focus on this obtained. Tho final results showed 
that this gave a perfect foc\is on tho apothocia when tho cover was 
removed. Screens wore so arranged as to prevent the wind from dis¬ 
persing tho spore-cloud. 

“Whon ovorytliing was prepared, th(‘ photographer stood ready at the 
bulb of tho camera and, at a given word, the stondor <lish was quickly 
removed from the apothecia. Nothing happened for about one second, 
ahd then a sudden cloud of spores was discharged into tho air, the 
exposure being made at tho proper instant with the result shown in 
fi'gure 2. 

BuiPABTMSlNT OF PLAIfT PATHOLOGY, 

CJOKKTEILL tlNrVBBSITy. 
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Recent studies on control nie^iods of Texas root rot. J. J. TAtnaBNUAUB andD.T. 

KlLLOTTOn. 

Statements abound to the fact that tho Texas root rot disoaso may bo oontrollod by 
deep plowing or crop rotation in w'hicU non-snscoptiblo hosts arc grown during the rota¬ 
tion period. In our studios, wo have found that those rocommondations wore not 
always successful l>ccauHo they wore not made on a Icnowlodgo of tho life history of tlie 
catisal organism. Tho causal organism winters over on living roots of suboeptiblo host s. 

Deep fall plowing does not control root rot booauso suoh a practice docs not necessarily 
kill tho cotton roots; neither does it always destroy the susooptiblo weeds, especially 
tho Small Flowered Pink Morning Cdory, Ipomoea trichocarpa, which is so common in 
the black lands of Texas. 

Likewise, crop rotation docs not control root rot even though a three- or four-year 
system is adopted in which non-ausccptiblo crops are grown. In this ease, tho failure 
at control is duo to the fact that the causal organism is pormittod to live over during 
the fall and winter months on roots of perennial weeds which are commonly found on 
tho stubble land of tho grain or cereal crops which ore used in tho system of rotation. 

It is possible to control root rot by fall plowing or crop rotation provided clean 
culture is praotioed not only during the growing season, but also during tho fall and 
winter months. 

Cartoons in AgriouUnral Toadiiny. K, R. Eippoict. 

The pa|)cr deals with tho use of oarioons in teaching agricultural irutlis. During 
tho post few months, c^urtoons, depicting the life history of the boll weevil, csiKtoially 
those phases having close relationship to fall and winter control moasuroB, have been 
put out by tho Division of lilxtcnsion lOnlomology and Plant Pathology of tho A. and M. 
College of Texas. The high interest they liavo aroused among tho farmers ovor the 
state indicates they are a valuablo moans of extending knowledge on ontoraologu'al 
subjects. It is behoved that added interest may in the same way be given to subjects of 
plant diseases, among praelioal farmers with insufficient technical training to fully 
appreciate the more sciontifio phases of the subject. 

The growth reaclUms of certain fungi to thebr staMng products. C. Boylo. 

Fungi which develop for some time on solid or liquid media sooner or later show a 
marked diminution in rate of growth, varying with the organism and the medium used. 
Suoh ^'staling” effect is characteristic of a speoieB of Fua^um originally isolated from 



34 


Pl[YTOPATTTOL()(}Y 


IVOL. 13 


derayiriK apploH whoii nitnvn on liichard’.s tipplr or potato <*\tr.'u‘tM. 'riio 

proftivsh of slaliuft was inonMitod l>y tlu> etfoct ol tlio staled liquid on ^('rininaluin imd 
growth ot Hporos iif Jiobjihs ininiti. 

(how thof Fu'^nrnim &p. iii the throe media ineutuuiod eauseilaehaupe ni pit lowanlw 
the iilkaluie side. Coireolion of the pi! had Mtine etfiet in n>stonng capaeity for 
gernimatioii and prowtli in the eaily atage,*-, Imt the efli'et disapiieaieil as the nieduuii 
hoenioe iiioie stale. Within widi‘ Ihiiitti, the i>ll value ol a atah'd .solution is not the 
liniitiug faetor in giowth. 

The pH liiinls and optima for geinimatioii and grow Hi of Fut,tnium up. and Jlohi/iut 
cinma di'pend on the nieihum. Inluhitiou of gernmiutiou is not eau'-ed by laek of 
nutrient iiiattsial. Tlie toMe elieet is partly due to the pieseiice of theiniolalide .sub- 
filanees Pieeipitation by alcohol <leaetivu(<Hsomeof (he inhibitinKfueturs. Filtration 
through oollodioii iiieinbiaiic is partly efleetive in n^atoiing its genninative eapaeity 
to staled Richard’s solution indicating that some of tlip toxic sulistanech prewuit are 
colloidal in iiaiuie. 

A sv7V(y of the eiu'Ucncc imHcntiuy that Phytophtimra tthonld be nary<d with Pythium. 

II. II. riT/PATlUC h. 

Attention is called to the fact that tluue is ut present no known basis for the satis* 
fnetory separation of Pytliiuni and Phytophthora. The rcsearebca of rorent years 
show that those goni'ra do not diflor essentially in method of swannspoie discharge, 
the character mentioned by Butler os providing “the only absolute mark of distinction’* 
between them. Ah no other tangible lax'ononiic eharacter wdiich might serve for their 
separation has been brought to light the attempt to maintain the two generic coneopts 
results only in confusion. The writer, therefore, proposes the merging of the genera 
under the name Pythium wldch is the older. It is also recommended that the Pythi- 
ac(>ac cunsisliug of the resultant genus and its nearest relatives be regarded us a distinct 
family of the Peronosporales. The Poronoaporacoao differ in their suiiultaueouH 
development of siiorangia, in the production of more definite sporangiophores, in the 
absence of saprophytic tendencies, in their more tyiiically deciduous sporangia, etc. 

The prodwiim of conidin at niyht in spoHes of Sclta’oaiwra. Wm. 11. Wxstok, Jn. 

In two coiiidial BcleroHporas {S> philipidrutiaia and /?. opontaiu'it), doHtructive to 
maiae in the PbilipiiiiieH, the writer, in inveMtigations conducted by the Office of (Vri^al 
InvoHtigatioim, 14. P. 1., U. S. Dept, of Agriculture, found that etmidia were prodiu'ed 
only at night when the host surface was c<m*rcd with dew or other moisturi*. Jn the 
case of a third species (/?. saochari T.Miy.), w»ecntJy introduced into the PhilippinoH 
where it is dostruotivo to sugar-cane, material furnished through the cooperation of 
Mr. II. A, Loo of the Philippine Bureau of Beienco, exhibits the same peculiarity. The 
accounts by Butler and Palm suggest strongly that this condition obtains also in 
8. maydia (Rao.) But, of India, and S.jamnica Palm of Java. From these five oriental 
species the cosmopolitan 8. gramitiicola (Sacc.) Sohroet., on which the genus Soleruspora 
was founded, differs sufficiently to raise the question whether it, as well, produces its 
conidia only at night in dew. The writer finds that it does, and he assumes this funda¬ 
mental peculiarity will be found to hold in other conidial representatives of the genus. 
Realisation that the Sclerosporas produce conidia only diming favorable nights opens 
the way to the more complete knowledge of methods of dissemination and infection on 
which control of these destructive and hitherto baffling downy mildews must be based. 
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ncUrothaUiam in Ophioholua cnricctL 31. H. Ivittnv. 

MoTiosporiuiH (‘ul(\ircH ol O. cariati (li. & Dr.) Saor. are <»f (wo dHliiiot Hoximl typoB 
wliicJv when imvod in oultnrf' result in tho forimitioii of tyiiical porilheoia. ThoHO 
periUiceui develop in four months eh her in pe(ri disheB eonfaiininf? tw<) jkt cent enwhed 
wheat in a^Jir or in test tubes on atenus of wheat or Mtblotm aVbn. On eertaiu media 
such as potato URar, wh<‘at af^ar, eornineal and oatmeal aRtira a definit<‘ dark mme in 
pnxlneed aloiifj, the line of union between colonies of ditferent sexual types. No such 
lines are iiroduced wheie colonies of the same sexual type meet. Monosporons cultun's 
have n'tained their S(‘xunl tyiiea during hundreds of t{‘sts throughout a peritjd of 20 
months. I’tilysporous cultures during tho same period have been aegreg.'ited into 
sexual types which react sexually with each othcT or with mono.sporou8 euliurt's of the 
’ opposite s<'x tyjie. llach of tho 175 isolations of mono.sporous or polysporous origin 
h.'ive exhibited a definite sex typo. 

IHolaqtf' »pennlrMiian, of Puennia graminis avonae, K, C. !:}takman, M. N. LmtNH, 

AND D. L. Bailey. 

Puccima gravdnis (W( nae JRrikss. and TIenn. consists of wworal biologic fonns dilTering 
in infection cajiability on certain varieties of Av(7ia .tjjp. Four and probably five 
biologic forms of P. giminms nvrme cun be identified by their action on Victory (C. 1. 
No. 1K5), White Russian (U. I. No. 1(114), and Monarch Kelection. Victory is com¬ 
pletely Buscejitible, White Russian very re.si8tnnt, and Monarch Stdection practically 
immune from one of the forms. A second form infects Victory and White lluHsian in 
much the sam(‘ mtinner as h’oriii 1, but produces heavy infeet ion on Monarch Hidection. 
A third form atlneks Victory and Monarch iSelection very hetivily and Wlulo Russian 
moderately. All the ihrot' varietii's are extremely susceptible to a fourth form. In 
some ensos tin* helcrogoni'ouh (X) type infci'tion descnbocl for wheat rust devtdoped on 
Monaich Selection, t bus indii'utiuglhc pnibable oxislonce of a fifth form. The behavior 
of these forms has beim eoiihistent. Forms I, II, and V, so far, liav<‘ been founil ipiite 
w'idely distributed in North America. Form IV was collected in Heden, while I''orin III 
came from South Africa. 

(Cooperative e.x])eriinents hetwi'cn the Oflice of Oiwal Investigations, D. P. 1., 
TTnit<*() Stall's Department of Agrieulturi', and the Minnesota Agricult uml T']xiM*riinent 
Station.) 

liiologia ttpeHahmtiou of PuocinUt {p'otninia aeealis. M, N. braviNK and F. O. Stakmaw. 

As a ri'Hult of inoculation I'xperimunts made by (h<* Office of Oerenl fuveHtigntkms, 
XTiiited Stales Departnu'nt of Agriculture, in cooperation with (he Minnesota Agri- 
eultunil Experiment Station, it has been found that PiicHnia graminis Mvalis Frikss, 
and llenn. consists of soverul biologii' forms, as is tho case with P. gratninis tritin 
Erikss. and Ilenn., P, graminis avonae hlrikss. ami itenn., P, eoronata Otla., and P, irv- 
ticina I'lrikss. As rye is oross pollinati'd, the study of the biologio BiieciaUssatMm of 
P. graminis secalis is more ciilfioult than is tlmt with the other rusts for which pure 
linos of differential hosts may l>c obtained with comparative oasis Ilowcv(‘r, even 
oommereial varieties of rye, sui*h as Ilosen, Swedish, and Prolific, react sufficiently 
clearly to imlioato (hat there arc at least two and probablj'^ three distinct biologic forms 
of P, graminis sccahs. One form is quite virulent, possessing the capability of att neking 
heavily all tho t lireo variotios; another form attacks Rosen very heavily. Prolific only 
moderately and Swedish very weakly; while still another form produces normal iufootion 
on Swedish and Prolific, but only weak infection on Rosen. 
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Strairm of the leof-rust of wheat, Puccinia irUicim, in th< Uuiti d E. B. Mains ani> 

II. B. Jai'KSon. 

CuliurpH of lr>af-rusl of wlioai from vaiious parts of iho Unitod Btntrs, Mwn on 200 
variotioH of wheat, have Hhomi that this mst is not uniform but consists of at le.ast 
12 strains differentiatedby t heir act i<jn on 7 variHios, Malahof (Ch l.No. 1898), Meditor- 
rancan (C. I. No. 5770), Democrat (U. f. No. JillH-l), and *l unnamed sprinja: wheats, 
C. I. Nob. 3756, 3778, o77t), and 3780. As a number of the eullures showed themselves 
to bo mixtures, it was found advisable (o malie the final study from eultnres started 
from a ainsle spore, and 18 of thc.so have been studii'd. As a result, 24 wheat varieties 
in adilition to the 7 listed above have been found to be differential hosts, in the seedliiiR 
stage* under greenhouse condilions, to one or more straiiis of the leaf-rust. These are 
divided as follows: Tritivum arstimm, winter 7, spring .*); I'ritintni dvrum 5; Trxlicum 
dicoGcum 3; Tritioum spcUa 2; Trilicam ntonocoremn polonicuni 1. No 

variety was found absolutely immune from all strains and none of the cultures so far 
tested has been found to produce a high degree of infection on all these varieties. Then* 
seems to bo more or less mixture of nwt strains in the field but oftentimes different ones 
predominate in different sections. Rome wheats, esiMjcially of the Turkey type, have 
shown high resistance in the field while shovring eousidiei’ablo susceptibility in the 
greenhouse. (CooiHsrativo investigation between Purdue Agriculture Plxperiment 
Station and Office of Cereal Investigations, Bureau of Plant Industry, U, S. Department 
of Agriculture.) 

Wheat smvi i7ivei>tigationa in Ka7ms: Report of progrcee 1990~S1. C. 0. Johnston. 

Kanrcd, one of the princiiml varieties of hard winter wheat grown in Kansas, has 
been shown to bo resistant to TiUoHa tritiei (Bjork.) Wint. One year's results indicate 
that it shows resistance to this species of smut under Kansas conditions. In contrast 
to this, however, two years’ results show that Kanrod exhibits no more rcsistanre to 
T, levia Kuehn, the species commonly found in Kansas, than Turkey, Kharkof, and other 
hard winter wheats. Soft rod winter wheats, as a group, seem to bo somewhat more 
susooptible to T. levis than do the hard rod winter varieties. 

Later dales of planting show consistcnily higher pcrccntngcH of bunt than the earlier 
plantings, tho amount of smut gradually ineroasiug in oousceutivo plantings from 
September 16 to November 1, after which tho percentage of infection rapidly declines. 

Experimental data show that under condiiions in eastern Kansas, spoix's of TUletia 
levin, falling on tho soil during August, do not soem to bo a factor in producing bunt 
infection. This is perhaps not true for western Kansas whore summer fallowing is 
practiced and summer rainfall is less. 3?urther investigations are being conducted to 
prove this point. 

Cytological ehidios on the infection of wheat mdUnge by TiMetia trUki {Bjerk.) Wint. 

H. M. WOOIACAN. 

Cytological studios conducted by the Office of Cereal Investigations, United States 
Department of Agriculture, in cooperation with tho Oregon Agricultural Experiment 
Station, show that TUleiia triad enters the opidonnis of the colooptile of both susceptible 
and resistant wheat plants grown under conditions for maximum infection, but that in 
highly resistant vaxietios it develops no further. Inhibiting factors e-^dontly ore 
active in or Just beneath the epidermis. Xn varietios slightly less resistant no distinction 
from highly susceptible varieties can be observed until the plants are about tmi days 
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old, this period bcinp; Ui(‘ lime required by the fmiftUB to pass inlo the permanent (issues 
of the plant, after which tho supprofabive faetorn ovideutly lue in aetiou. Cytologic* 
examination of planln of this second or slightly less resistant ehm when GO days old 
reveals only the anine pereontago of infection as is visibly developed in mature phuits of 
the sanic* lot. 

In the epidermal cells tho fungus hyidiao are gnun-nogativo, but ilio adjacent cell 
walls and cytoplasm are gram-positive. The hyphne aro inclosed in a sheath of unde¬ 
termined nature*. In tho interior of tho eoleoptilo and in tho truo loaf shoath.s the* 
hyphae aro both inter- and intracellular, gram-positivo, and produce no observablo 
change in tho adjacent tissues. The* same is time in the axis of tho plant except that it is 
strictly intercellular. 

Control of stinking sinut of wheat {TiUetia levis) with dust trecUments. G. II. Coon«, 

Copper carbonate, copjiSr sulphate and lime dusts, using heavily smuttoii winter 
wheat, have given tho following results in comparison with the standard formaldehydo 
treatments in stinking smut control: 



Rouml 

Rmutlcd 



Treatment 

heads 

hoacls 

Per cent 

Stand 


I)er row 

por row 

of smut 

per cent 

Control 

56i$ 

496 

46, 

100 

Dry formaldehyde 

92.'5 

29 

3. 

08 

Wot formaldehydo 

743 

0 

0 

97 

Soak and skim forma Idohydo method 

900 

5 

0.5 

97 

Copper sulphate and lirno dust, 3 ox. per bu. 

1080 

42 

3.7 

97 

Untreated 

600 

408 

•14. 

100 

Copper carbonate, 4 oz. por bu. 

860 

23 

2.6 

98 

Untreated 

040 

120 

16.7 

100 

Copper carbonate, 2 os, por bu. 

823 

12 

1.4 

97 

U t( ^ ii it tt 

801 

20 

2.4 

06 

tt (( it tt it 

844 

8 

0,9 

90 

it a it a it 

661 

0 

0 

90 

Untn'ated 

320 

100 

33.3 

100 

Coppw sulphate and lime dust, 2 ox. per bu, SfiG 

27 

4.6 

98 

a a it it ti tt it it 

670 

24 

4. 

97 

U ti it it tt ^ it if it 

030 

17 

2.0 

93 

it ti ft ti it tt it tt 

621 

23 

4.2 

90 

Control 

266 

203 

4«l, 

lOO 

Copper Hulphatu Johydrated, 2 oz. jjor bu. 

620 

17 

3.1 

86 

ti {< ti ^ it ti it 

400 

21 

4.3 

80 

tt tt ft ^ it (t tt 

660 

3 

0.6 

80 

it tt tt 2^ tt it it 

600 

ll 

2.1 

80 

Stdphur, superfino) 2 oz. per bu. 

467 

70 

14. 

100 


Considering tho heavy smut produotion in the controls and the marked reduction 
brought about by both ooppor carbonato and copper sulphate and lime dusts, it h 
believed that use of theso with fairly clean groin would give satisfaotoxy stinking smut 
control. Tests with oats were not satisfactory in smut control. 
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Modifu d and siniphfn d hol-wakr a?id vapor ti ortfintutsfor the conhol of loofte umitt in wheat, 
with special ? i/(n vee to m d htjnry. V. F. Ta.i>IvI3. 

l<jx^)rruri(‘iitsc()n(lu('l(Ml(luriiif;nH*])aH( (woycursby il«'Ofli<MM>f<’iMonI fnvosfiRationR, 
United Hliitcs I>(‘p.'irlnu'nl of Apiriculture, involvinft 11 M'cd IoIh of wheat, bliowon an 
averafio a rednetion in yi('l<lM of ni>i)roxintai<“ly 112 per emit when Itie seod was treatoil 
by the modified hot-water method, wlueh eoimnonly is ipeoinineuded for eontiollinK 
loose Himit. (Vniehisivo data show lhal this reduetinn in yieldw is due loahi^^h [ler- 
contage of aeed killing eaunod by the t rt'alnieut when the seed eoats are lirokcsi over the 
embiyo. The modified troatin<>nt simply retards genninalkm when the seisl ismtfl arc 
uninjured- Pra etieally all of the breakage in seisl eoat s ri'sull s from maehine t hrashing. 
This has bt*pn shown hy sod g(‘;ininatioti exiieriinenta in wliieh tivatcd seed earefully 
hand thrashed showe<l little or no injury while niaeliiue-thrashed seed was aeverely 
injured. The aveiagi' gerniinatiou of treated seed from 25 lots of the Ht22 erop wras 
aliout 40 jx'r etmt leas for maehine-thr.'ushed than for hand-thrashed seed. 

A simplified hot-^\aU‘^ treatment has been dovisisl whieh elfectively eontrols loose 
smut of wheat rcducing yields . A vaiior tivalineut also has been employed suceesHfully. 

Organic mercury seed dmnfoctantf>. AY. 11. TisnAna and J. W. Taylou. 

Organitt mercury oompouuds have been recoimnemled in CJormany sineo 1014 for 
the contrid of seed-borm' disease's, ffinee 1020 a numlier of tUeso compounds, including 
liquid and dust treatments, produced by American cheniistH, and Uspulun from Ger¬ 
many, have boon tested by the Office of Cereal Investigations, Bureau of Plant In¬ 
dustry, Department of Agriculturo, along with formaldehyde, hot water, copper sul- 
phuto-lime, (uid copper carbonate, to determine their elTeot on germination, vigor, and 
smut control of the small grains. The dusts, including copper carbonate, were loss 
effective than liquids in controlling barley and oat smuts. The most promising liquid 
treatments used arc Chlorophol, ITspulun, Corona Compound No. (120, and Somcaan. 
Chlorophol and Uspulun were equally officiont. Corona No. (520 in leas extensive 
experiments was apparently better than tliesc, while Bomesan compared favorably with 
them. Those materials caused improved germination in greenhouse and field, increased 
fiokl stands, and eoutrollod amuta oxcellout ly. Barley and oat s treated wit h Chlorophol, 
the only mercury oonqiound used on aowl sown in varietal plats, yielded hotter than di<i 
plants from seed of tho same lots troate<I with eoppc'r carbonate or any other tnuitmont. 
Copper oarbomilK* provoil best for wheat bunt. The morcury treuimeutH look promising 
for the control of barley and oat smuts, 

QmnAnation of tho spores of timothy smut {UatiUigo stnaeformia {Westd.) Nieasl). W. II. 

Davih. 

Published resulla indicate that conditions for tho sacceasful gennination of the spores 
of this smut parasitising timothy (Phlem pratoma L.), Juno gross (JPoa pratensia L.), 
redtop {Agrostis paZiistrU lluds.) and orohord grass {Daatylis ghmerata L.) have not 
been understood. However, the writer has fotmd that these spores gonninato when 
properly ofter-riponed. Observations of bi-weekly gennination tests continued through 
a period of two years may be summarized: 

1. Conditions for the successful germination and the behavior of the germinated 
smut spores from each host are similar. 

2. The smut spores pass through an after-ripening period varying from 180 to 265 
days. 
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3, P(‘rio(I of ffenninability, 63 to 210 clays; average, 70 clays. 

4. Nonrishing solutiona and dccoctioiiH are of no visibl<‘ vahxe in foreing the ger¬ 
mination of these Hmut Hpores. 

6. After-ripenc'd spores germinate either floating or submerged in distilled water but 
do not germinate wlK'n ])laced on damp surfaces. 

6. Teinperatxires: mininmm, 10° C.; maximum, 35“ C.; optimum, 2*J“ C. 

7. The fully developed jxromycelimu may bo seixtato and bear one branch fnun each 
cell. 

8. A fow promycelia bore typical sporidia at each cross-wall. 

9. Spore germinations show that the parasite on eaeh of the above hosts is an TTht ilago 
and not a I’illetia as sometimes reported. 

Mosaic ami haf roll of the potato in the riorthwcst. Geo. K. Iv. Link. 

Mosaic is pnicticaUy overywhoro present in the Northwieat, occurring in the leading 
varieties, Idaho Rural (generally 20-40 per cent), and Russet Burbank (10-20 per 
cent). The only stocks relatively free (5 per cent or loss) are those introduced early 
into sexiuestered localities. During 1922 aphids were first found in potato fields after 
lhr(‘e years w'areh. They appeared abundantly during late Auf^ust and Heptember in 
those northern heetions eonsiderexl the l>est noiirees for seed. 

Infectious leaf-roll is most plenlibd in an area embracing northeastom Washington, 
northern Idaho and western Montana, affecting primarily the Russet Burbank (16-20 
per cent). It has increased decidedly during the pei’iod 1910-1922 and is spreading. 

Obhorvations (1919-1922) indicate that low humidities, high temperatures, and 
intense sunlight which characterize the growing seasons of the semi-arid and arid west 
cause not only such pronounced masking of mosaic and other vims disease symptoms, 
but also such juark(*d changes in healthy plants iliat the symptomatology cleterminod 
in the hunud sections and the methods of field insiioetion uk*c1 there are inadequate in 
the west. This is especially true under “dry-land” eouditions. Dotorminntion of the 
n'sponses of both healthy and diseased potato plants to these environmental factors is 
imperative Ih'fore fielil insi)oetion and seed certification in the west can be put on a firm 
basis. 

Potato mosnic masking al high aliitudcs* If. G. MaoMielan. 

Tn the Rocky Mountain and other western potato growdug w'ctions tho mosaic disease 
of potatoes lias scklom ai)pearcd oonsphsuously in tho generally oharaetorized form. 
Some factor or sot of factors masks t he symptom of mottling. In potatoes grown at an 
altitude of 8000 to 8600 feet mottling is ontiroly absent. At lower altitudes tho symptom 
of mottling is found intermittently. Potatoes newly iuloctod with mosaic and grown 
under a louvered sholtor constructed of wide strips of white cloth, and ontiroly oiien on 
the north side, dovoloiHjd oonspicuous mottling, as compared with plants from tho aomo 
seed tubers grown in tho full sunshine and on which no mottling developed. Conditions 
in tho shelter including temperature were practically identioal with those outside, cxi^eiit 
that no sunlight fell on tho plants. It is believed that the large amount of short wave¬ 
length light in the sunlight at high altitudes stimulates chlorophyll production in mosaic 
diseased colls, the effect being t o mask the common symptoms. Borne antiseptic action 
is possible. The life of tho mosaic plants is longer under these ciroumstanees. Non- 
mottlod mosaic plants transferred from high to low altitudes readily develop motUing. 
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8pmdliiig-tuhrr aitd otlur (Icgcnaalioti distasta of Irish jrototms. K. R. Sciittltz and 
Donald Folsom. 

TranHniiflnion of BpindlinR-tnber diflcnho, coiuinonly dcBiAnatod .ih “nimiiuK-lonf»” 
or aH a typo of "runninR-out,” has b<H‘n olitainod with tuber Rraffs, \inc Rrnfts, leuf- 
mutihUion inorulation, and aplvids, Hymptoma art‘ overt and HiniidlinR stalks, smaller, 
more erect and soniowliat darker rkh'U leaven than in healthy foliage', .and npintlllng, 
Bi)indlo-3hai)ed tiiborn (inntoad of flat, oblong tubers a.s in healthy (Jreeii hlountaiun) 
with nioro numerous and more conspienoun eyes and with a smoother skin ami couaist- 
ency less firm than in healthy tulrers. Spindling-tuber is in the leading eoniiuorcial 
varieties in all porccntagca of incidonee; spreads about an readily as monaic; iiifectn 
hills in j)ai't, resulting in disensod and healthy progeny from the name hill or even from 
the same tuber, as in mosuio and leafroll; and reduces the yield eonniderably. In 
addition to carrying mild mosaic, leafroll, and spindling-tuber, aphidn transmit leaf- 
rolling inosaie, severe monaic, and unmottlcd curly-dwarf. Lcafrolling mosaic forms a 
curly-ilwarf when in combination with spindling-tuber. Revere mosaic is more injurious 
and infectious, and causes current-season symptoms oftencr and sooner than mild 
mosaic or leafrolling mosaic. If isolated from other degeneration diseases, mild mosaic 
strains will not acquire different symptoms. Mosaic and leafroll, together, or other 
degeneration disease combinations, may reduce tuber production affecting self-elimin¬ 
ation. Transmission to healthy plants decreases as the distance from diseased plants 
increoses, and fluctuates seasonally and regionally with aphid infestation. 

Spindling tuber or marginal Uaf^oll. KajOi H. PanNOW. 

The marginal leaf-roll disease of potatoes was recognized as a disease in 1921, when 
tuber units showing a largo percentage of marginal leaf-roll were seen. The most strik¬ 
ing oharaotoristio of the diseaso is the elongation of the tubers which is often extreme. 
The vine shows an upright habit and is frequently dwarfed. The leaflets are slightly 
rolled at the margins, which are often orinklod, and arc somewhat smaller than nonnal 
but do not show the extreme rolling which oocurs in true leaf-roll. The stolons are not 
shortened as in true loaf-roll and tiiero is no phloem necrosis. The examinations for 
phloem necrosis wore made by Dr. Artschwager. Tho yield is considerably rcduc('d. 
That the diseaso is transmissible is shown by tho fact that among tuber units having a 
common ancestry some bad degenoratod while others were normal. A healthy plant 
on wMoh a diHoasod scion was grafted produced a typically elongated tuber. Tho 
progeny has not boon grown. The disease has boon observed in Riuals, Green Moun¬ 
tains and Gobblers. Tho disease was previously mentioned by Quanjer. Ho noted 
the absence of phloem necrosis but not the elongation of tho tubers. 

A neno host for potato mosaic, ICarl II. Fbrnov. 

Twelve plants of the Apple of Peru, Nicandra physaloides, which were rubbed with 
crushed leaves of mosaic potato plants all developed distinct mottling. Four plants 
xubbed with loaves of mosaic tomato, four with leaves of mosaic tobacco, two with 
leaves from a mottled burdock plant and two with their own healthy leaves remained 
healthy. The leaves of two Nicandra plants which had become mosaic following inocu¬ 
lation from potato were used to inoculate two more Nicandra plants which later showed 
mosaio. Under favorable conditions the time elasping between inoculation and the 
appearance of monaic is two weeks or less. One uninooulated plant showed mosaic at 
the time the first inoculations were being made. A plant whidi was rubbed with leaves 
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from a mosaic Physnhs inti>escms plant also developed mowiir. Atlempfs to transmit 
t ho dibcaso back t o pota to have so far given negative results. The i)rogeny of iuoeula te<l 
potato plants has not yet been grown. 

T/ie orcwrnicf of protozoa in phnta affected vnth mosaic and rolaUd duetmz. K\y 

Nelson. 

Using modern eytologioal nwdhods, protossoan kUling and fixing solutions mid protii- 
zoan stainb, an intensive study has been made of bean mosaic, clover mosaic, tomato 
mosaic and potato loaf-roll. Definite protozoan organisms have been demonstrateil 
constantly associated with these diseases and are located mainly in the sieve tisHues. 
The bean and clover organism is a bifiagellate, elongated protozoan whoso generic 
position is near Leptomonas. It apparently is a flagellate of now generic riink, since the 
location of the flagella is unlike that belonging to any other described genus. The 
organisms found in mosaic tomato plants are apparently trypanosomes, or arc* closely 
related to this genus. They have been found only in the seive tubes. Some individuals 
are ZOix or more in length, while very small forms are present which are loss than O.fiju 
wide and Og long. In the sieve t^djos of potato leaf-roll plants, organisms have bc'on 
found which more closely resemble trypanosomes than any other form. Tliey arc very 
variable in size, the smallest individual measured being less than In wide and 12/1 long. 
They are closely asbociated with the nucleus, in many eases actually coiled around it. 
All of the above organisms lie in a plane parallel to the longer axis of tho host ecU and 
have been demonstrated only in longitudinal boctions. 

IntraccUtdair bodies associaUd with the rosette disease of wheat. II. H. McKinney, 

Sophia II. Eckbrson, and R. W. Webb. 

Microscopic studios on the rosette disease (formerly called take-all, so-called take-all, 
and foot-rot) of wheat rovoalod unusual intracellular bodies in tho basal tiller tishues of 
plants showing early stages of tho disease. Those bodies also wore found in wheat 
leaves showing a niosaie-liko mottling which occurs not entirely on rosottod plants and 
on adjacent plants free from rosette and on plants of certain varieties which are ap¬ 
parently immune from the rosette disease. They have not been found in planls fr(*o 
from rosette and tho mosaic-liko mottling. 

Those bodies may bo closely applied to tho host nucleus, somelimos oomplehdy sur¬ 
rounding it, or they may bo separated from it. They range in size from smaller to con¬ 
siderably larger than healthy wheat nuclei. In shape they vary from spherical to 
irregular and elongated forms. While those bodies resemble in certain iwrticulars 
those described by Kunkel in connection with corn mosaic, they resemble more clobcly 
those described by Iwanowsky in connection with tobac<'o mosjuo and by Ijyou hi 
connection with tho Fiji disease of sugar cane. 

Tho symptoms of the rosette disease of wheat boar certain resemblances to the 
symptoms of corn mosaic as dcfloribod by Kunkel. (Cooperative investigations by Wis. 
Agr. Exp. Sta. and Cereal Investigations, B. P. I., CJ. S. Dept. Agr., withinformalcooper¬ 
ation from Dr, 0. A. Kofoid, Univorsity of California and from the Thompson Instituto 
for Plant Rosoaroh.) 

Iniracdltiiar bodies associated with a **mosaic” of Hippeastrum johnsonii, II. 11. 

McKinney, 'SopinA 11. Eckbkson, and R. W. Wbbb. 

Studies made of free-hand sections and embedded material from tho leaves of Zffp- 
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pi'abtrwfi johnaonii Bury, Hhowinp; a mosaic-Iikp inottlinft, rovoak'd inlpn^stiiiR inira- 
oolliilar Inxlicfl whicli were usually asso<‘ialofl with the host iniolui. 

In pertain ro^poclH tlnw Ixulit's rpsonihlo llio iutraf<>lhilarl«Mlips found by the uulhorH 
in oonnrclion with the rohotle diw'asp t)f wliotil, but iii Kpri<*ral they are more nearly 
like UioHo (leseribisl by Kunkel in eonneetion with com niowiic, and apparently like 
those described by him in eonneetion with the mosaic of Jlipiu'nt^lvuvt iqiustre. 

Aa yet these bodies have not l>een found in the normal RU'en areas fif tin* leaves. 
In mottled tissue the Ixidies me found in the e))iderniul cells or in cells just Indow the 
epidermal layer. In the inati'rial thus far (‘■mmined the bodies are present in about 5 
per rent of the oella. 

The natuie of these bodies and likewise their exact relation to the niosaie-Uke leaf 
mottlinff IS not known. 

(Cooperative investigations by Wia. Agr. Bxp. Rta. and Cereal Investigations, B. P. I., 
U. H. Dciit. Agr.) 

TvmjHTcUiire sUtdus in 7noitaic diseases. B. T. Diokhon. 

The roots of w'ell-grown healthy and mosaic diseased tobacco plants wore maintained 
in a eonstant t<*mpemtnre eliambor at 37.6“ C. (99.6“ F.) while the stems ami leaves 
w'ere kept in an atmosphere of 21 “ C. (70“ F.). They were given water at 37.5“ 0. <laily. 
An ascending temperaturi* grailient from soil to stem growing-point was tlms developed. 
In 0 cUiys the developed loaves became much darker green, especially noticeable in the 
hypoplastic areas of distuiscd leaves. In 10 dasrs hypoplastic areas were dead in the 
lowornioat leaves, but now'ly-dovclopod leaves BtiU showeil marked color dilTerontiation. 
Healthy and nowly-inootilatod soedlinfsn were also tested. The first now leaves showed 
color differentiation, bnt were darker than at ordinary sap tomiioratuio. Later leaves 
w'eri' poorly developed but there was no eossatiou of infect ivity. 

Temperature studies in moanic diseases. B. T. Dickson and E. G. Hood. 

3’ho authors arc making a series of tests to delenninc whetlicr there is subnormal or 
supernormal temperature in mosaic-diseased tobacco, potato, bean, clover, etc, plants, 
''rhcrnioeouples of copper-constant wire with Typo 1C Potentiometer, enclosed lump and 
scale Galvanometer and Weston Standard Cell wore used. The i>lants were t<>Bted in a 
const ant bointieralurc chamber. No const ant temperature difference has been obtained 
as y(d. More dolieato couples arc under constmetiou and the tests will bo continued. 

Mosaic disen so of swoct potato, —Gnonan F. Wiamn. 

Ilooent observations atid oxperimoulal data eoneerning sweet potatoes sliow a 
diseased condition similar in many ways to the mosaic of other plants. Diseased 
sweet potato plants wore first observed in a ten acre field whore actual counts showed 
six per cent of the plants afloctod. The yield is reduced to less than ton per cent of 
the normal. The oharacteristio symptoms are; Internodos decidedly shortened; thuH 
the nodes bearing loaves are close together, affected plant showing a decided rosette 
appearance. Tlio petioles are somewhat shorter and thicker than those of normal 
plants. The petiole at point of union with the blade is often flattened. The larger 
veins branch out into the blade, abnormally suggesting faseiation and appear much wider 
and more prominent than the veins in normal leaves. The tissue botwoon the veins 
is of a uniform green color, decidedly raised or sunken, forming pouoh-liko areas. There 
is no mottling, in the sense that leaves of cucumber and tobacco plants are mottled by 



1923] 


Boston Mektino 


43 


mo&aic. Tho blades arc crinkled along tlu* edges, eurlod backward and in w'Vcro {‘lUjeB 
malformed, IVenly healthy i)lnnth were inoculated in various ways with the juieea 
oxtraefed from twelve dilferent ciiscased plants but syniplonis of the diseaao did not 
devedop. 

The location of the croum-gall oi'yanthin in ito hot>t tihkuos. A. J. Ilmna. 

In inoculation studies of crown-gall on tomato stems it was observed that noedlo 
wounds immediately released liquid which flooded the neighboring intercellular Hpacus 
and formed water-soaked aieas about tho iiunctui’cs. As tho galls develoiicd, they 
were found to coincide closely in outline with these walcr-soakod regions. Calls of 
different sizes Avert* induced expeiimentally by varying tho sizes of the inoculating 
needles and consequently those of the water-soaked ureas, hlxiirebscd tomato wip was 
found to exert a positive ehemot actio influence on 1 he bacteria. They inigratcd through 
watoi-soaked tis.sue and produced galls several centimetors from the point of inocu¬ 
lation, Tho bacteria were observed consistcntly in situ in an intoreellular position botli 
in paraffln and free-hand sections from flvo sciies of inoculations which were examinetl 
at two day intervals until distinct hyiierplasia, hypertrophy, and vascular elementB 
developed. They aiipenred to he present in larger numbers than has previously been 
supposed and to exert their stimulating influence from a position bc‘tA/vecii tlie cgIIb. 

Some morphological respotms of the host tissues to the crown-goM organism, A. J. lliKnit, 

Studies of crown-gall made on tomato have shown that the causal organuuii begins 
its relations with the host in the liquid released by tho wound. This liquid was found 
to flood tho neighboring intercellular spaces, l^roni this position the bucteria stimulatod 
some of tho nearer host oells to divide into smaller colls forming a region of hyperplasia. 
Beyond this region tho cells often reacted by swelling to form a region of hyiMjrlrophy. 
When the bacteria wore distribuletl througlx the intereollular spaces for some distance 
in a more or less straight course, tho subsequent division of the surrounding cells formed 
a '‘tumor strand." When inoculations were made near tho growing tips of sweet pea 
and sunflower plants which have condonsod buds, ocautionally “secondary galls" 
developed at sumo distance from tho xjoints of inoe.ulation while “tumor stmiids’'' 
d6VeIo[)od in tho intervening region. Xu such plants as those mentioned tho flooding 
of tho intoreellular spaces for a few xnillimctorb in the region of elongation wotild enable 
the ba(‘tcria to soparato tlK'niselves from tho ixoiiit of entry by a number of iuternodes. 
When tho process of elongation took plane, tho secondary galls would bo sepanited from 
tho point of inoculation by distaneea varying with tho length of the intomodea. Heavy 
infection near the growing tii) may, however, i»rovont tho normal elongation of tho 
intemodes. 

Time of apple blotch infection for lOM in soathorn Venmylxania. R. 0. Walton anu 
0.11, Orton. 

Bagging experiments on unsprayod Rxnith Cider trees in Adams County, l^onn- 
sylvania, prove that infection by PhyllosHcta eolUaiia started very early in the spring 
of 1022. Young apples bagged continuously from May 23 (17 days after tho petals 
fell) until August showed 04 per cent blotch, indicating that initial infection ueeurred 
prior to May 23. Infection on petioles and loaves was first noticed on tho bagging date 
(May 23) but was not noted on the unbaggod fruit until June 13 when tho largest Hiwts 
measured 4 mm. in diameter. Because of tho slow development of tho diaoobe, tlicso 
spots xuAist have been visible for at least a week prior to this date. 
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According to Roberts, **Phyllostn'cln solitmin gn)\v.H slowly n,n<l is not iM*ro(*])tibIc on 
the fruit until 3-6 weeks after iiifoolion has taken plaet*.” If this holds true for Penn¬ 
sylvania conditions and grunting (hut fmit infection was visible by Jun<‘ 0, then aeeord- 
ing to Roberts the latest date when infoelit)n oe<‘uncd wan about May 16 which is 
only 10 days after tho date of petal fall. This brings the Lime of probable initial in¬ 
fection on fruit at loa.st 10 days prior to tlie time usually reeoiniuende<l for apjdying 
the first spray. 

New aspects of apple blotch control. Max W. GAitPNUtt and II. S. Jackson. 

In Indiana, apple blotch in tho oanker form is introduced into nursorics on the 
seedlings and into young orchards on the nursery stock. Cankers occur abundantly 
on budded seedlings both a,bovo and below the bud and on mmecptiblo stocks such as 
NorthwcHlem, Scions from susceptible varieties may carry the disease. Trunk and 
limb cankers arc of common oerurrence in young orchards of such varicjiiios as Oldenburg 
and it has been found that these ennkora can be easily cut out with a sharp knife in* 
early spring without injury to the underlying cambium. Healing occurs rapidly and 
no wound dressing is necessary. There is little danger of rolnfootion if all of tho dis- 
Golorod bark is removed and if tho cut is mad© at least a contimoter in advance of the 
visible margin of the canker, particularly at each side. Thorough-going canker eradi¬ 
cation combined with the blotch sprays to prevent new winkers is advisable in young 
orohnrds. The application of blotch sprays in nurseries and tho use of bloteh-frce 
stocks and scions is much to bo desired. 

Apple scab control in MassachtmUs. Wbbstbb S. Keout. 

Under conditions most favorable for scab infection, almost perfect control of apple 
scab on the McIntosh variety was obtained by the writer. Investigations have ex¬ 
tended over tho last two years and have been along two linos: (a) a study of tho causal 
fungus, Vonturia inaoqualis, and (b) a study of control measures. Each year tho time 
of asoosporo disohargo has been determined in order that tho pink application might l>e 
timed correctly. Temperature, relative humidity and rainfall records have been 
accurately recorded for correlation vath tho occiurcnco and provalonco of scab. 

Field work was caiiiod on in sue different orchards, and (kta were taken from over 
100,000 apples. Best rosulls were obtained with a 8-10-60 home-made Bordeaux 
mixture for the pink application, foUowo<l by liquid or dry lime-sulphur for succeeding 
sprays. Tho results indicate that dry lime-sulphur is os oiTootivo os tho liquid form 
against scab. 

In 1922 dusts wore practically as olTootivo as tho spray materials. Sulphur dusts and 
oopper-limo dusts wore tested. Tho former was more satisfactory than the latter as it 
did not russet the fruit or burn tho foliage. 

The importance of the Phoma stage of MyoosphaereUa rubina cawing spur hlight of mp- 

b&rries, A. G. Newhael. 

The imperfect stage of MyoosphaereUa rvbina (PE.) Jacq. has been proved to be a 
normal part of the life cycle of this pathogene. In the latitude of southern Minnesota 
and New York the peritheoia mature in the spring and discharge their spores by the 
middle of June. Mature pyonidia have been found in primary cane lesions the last 
week of June and in leaf spots the first week of July. This Phoma stage plays an im¬ 
portant role by initiating secondary cydes throughout the remainder of the growing 
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ftPUMon. The coniipotiou botwc'cn the* peritheoiftl aud pycnidiai stagea of Mycosj}haerclla 
ruhina has ro]K*atcdly lK>on dpimonf-tnitcd in single sporo ciilttires on Mclilotus stems. 
Furllu'nuon*, snappnsijinH of aacosporca inoculated into young raspberry ennes likewise 
gave* <*liaracteristic k'Nions in which the Phoma stage developed. 

AiTial galU of peach. J. A. McCiiim'OCK. 

In the fall of 1020 poach seeds wore planted on a piece of land 125 yards wide aud 350 
yards long which had Ixjon cleared of oak timber in 1916. This land is joined on three 
sides by standing timl>er mostly oak, some of wliich have largo galls on their tnmks. 

The peach seedlings wore budded Juno 26-30,1921, and 10 days later they wore topped 
at the bud. About 4000 trees out of a total of 80,000 developed galls at the wound 
made by topping. The roots were free from galls. In the fall of 1921 peach seed were 
again planted on thin land and in 1922 budded and topped about the samo time as in 
1921. A careful search November 10, 1922 di'3eloso<l three trees bearing aerial galls 
and only two of these wore at the wound made by topping. The growing season of 
1921 was wot throughout while in 1922, it was dry. The groworthought the peach 
galls must have come from the galled oaks. Cultural studios of these peach galls are 
being made. 

Jlffifonoas and $t6m-e7id rot of citrus fruits. O. F. BunaxiR. 

Melanose is caused by the fungus Phomopm oitri Faw. This fungus lives in the dead 
wood, and in the spring of the year the spores are washed down on the fruit and leaves 
by Iho rain, where they germinate and cause the oosnmon form of russoting known as 
melanose. Loaves four weeks old arc immune to the attack of the fungxis. In pre¬ 
liminary work I fmmd that the grapefruit become immune about the middle of May. 
When the fnut begins to ripen they are again attacked by the fungus, which at this 
time cansoH a decay of the fruit known as stem-end rot. This decay always oecTirs 
after the abBcisaion layer is formed. The abscission layer forms a natural opening for 
the fungUH to enter. Tt has been determined that the fungus cannot penetrate the rind. 
By inoculating green or ripe fruit with Phomopsis eUri Faw. decay takes place. la 
March and April, 1922, spraying experiments wore begun to control melanose. Trees 
wore fiprayml with a 3-3-50 Bordeaux solution, plus J por cent of oil emulsion, Ion to 
twenty days afU*r the blossoms dropped. All the data have not been collecW; but 
what evidenoo we have uuUeate that m<»lanoso is controlled by this spray. 

Foreign studies of mhttc pirn hlialor rust. Perlioy SpAULoma. 

Eight months have been spent in the various Eiux)poan comitries studying the white 
pine blister rust. Except in Switzerland and Germany, Pinus sirobits occurs in rela¬ 
tively small numbers aud is really an ornamental rather than a timber tree. Moir in 
1020 added Pinus karaiensis to the known white pine hosts of CronarUwn riHcoUit 
leaving but four spooics not known to be attacked. Since then P. strdbiforuvts has bwn 
inoculated in the greenhouse and P. batfoieriana has boon doubtfully reported as in- 
feotod in Europe. During the present studios P. albicaidis was found in England 
bearing pyonia and one aocium. The oldest P. airdbus soon in an infooted area were 
in Switzerland and ranged upwards to 118 years in age. Trees of this species 
wore soon in various countries, ranging in age from 4 to 118 years, that were 
killed or being killed by the blister rust. There is not the slightest doubt that 
the largest and oldest tre^ con and will be killed by it. The older trees are 
killed by girdling of the trunk in the lower part of the orown. Exuded pitch is 
much more oonspiououa on the oankers in Europe than in America. 
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WhUo pine hlihUr nibt m ihv No7lhw(bt. IIavun AIetcaM''. 

The oldest infected (HHO) luiio W(mkI found nt Vnncoxivor, li.C., iudlcutoH llini 
Vaucouvoi wns Uie i)lacc liiHt iiif(‘Ot(‘d. lioroHls luo ilonr as (o iinporlioti of Pmuj 
$trol)it8 from J'liiropo to Vanoouvor at Huh iiiiu*. On (In* olhoi liiincl il ih not ini[)OMHU)l<> 
tliJit (lioro wore* indc'poiulonl hiinHhictionH of (ho diHoase on ItihcH jih well ns pino at 
othor both, in BriliHU C'olumbiu and in Wndnufttou. liolh hot Is worn inlro- 

duced indopoudonlly at many places hef(tre quarantines weie in elh'et in eidier the 
United Stales or Canada, and it woidd be sirange if soino of these ini roduelions weie not 
diseased. The diHeaso now extends noilh (on pines and RiIk'S) lo (he limifH of Pinus 
monticola, cast (on pines and llibes) to Beaton, B. C., mul Houtli (on llibtxs) to within 
25 miles of the Columbia Hiver at the eoast, thus oecurriup, within a trianj;lo of country 
425, 320 and 3!5 mih's on a side, ^’ho henvicHt Hpread has Iwim northward, duo lo 
climatie conditions find gri'ater abundance of cultivated blai’k eurraut in British 
Columbia. Serious local damage to Pin us monticola has already oecurnnl. This host 
appears to be somewhat more suseeptible than P. str6f>ns, but aside Irom this fact the 
disease apparently behaves much as in the I'lost. 

White-pine hlieter ruet infection through grafted roots, Minnih W. Taylok. 

Recent field observations have raised the question as lo whether the white-pine 
blister rust {Crormrtium nlricola Pischcr) might spread from diseased to healthy tn*es 
through the roots. Abundant well-developed aocia of CronarHwn rihicola were found 
on a root of Pinus ^obm growing under several inches of loaves and loam. Tw'elve 
other roots wore examined to determine how far infection might extend down or along 
the roots. The roots ranged from 6 inches to 28 inches in length and hyphac and 
haustoria occurred in eight of them, extending from 4M inches to 16 inches down the 
root, Pycnial layers wore observed in four of the roots, the lowest depth being 10 
inches. Grafted roots occurred in two out of three specimens eolbeted to show tins 
feature especially, and in two out of five specimens soleoted for determining the extent 
of infection down the root. The grafted roots of four pairs of trees were studied,' in 
each case one of the paired trees was infected. Hyphao and haustoria wore found in 
the gmfl tissue in throe cases. In two of the Hpooimons the infociiou extended through 
the graft tissue well up the trunk and down into the root of tho second tn>c, thus Hup« 
porting tho original theory that infection might spread by means of grafted roots. 

Stfodios on the aedal stages of Crmartivm ribkola and Cronartivm ocddcnidls. R kuinaid 

IL Oonnsnr Aim Minnie W, Taylok. 

Morphological difiiorcnces in spore markings and margins are slight but conBistont; 
the poridial coll orrangomont and markings are choraoierbtio; and tho “concomitant 
cell,” an element midway between the sporo and the poridial cell in occidenMe, appears 
to have no homologuo in rihicola. Concomitant colb measure (500) 17.00 ds .072 X 
21.06 db.078, standard range 15.52 — 20.28 X 10.36 — 24.56. Tho two species can 
be readily separated on a basis of morphological and dimensional differences. 

Statistical analysis of CronarHvm rihicola and Cronartium oeddentaU 
Aeciospores (2000)* M, 18.1 db .03 X 24.1 =fc .04 19.1 db .04 X 26.8 d= .06 

H. 16.0 ~ 20.2 X 21.6 — 26.7 16.7 — 21.6 X 23,7 — 29.0 
Aeoiospore markings, M. 1.1 sb .07 X 1.6 db .00 1.3 =b .08 X 2.8 d= .2 

surface view (600) K. .9 —1.3 X 1.2 —1.8 3.1 — 3,6 X 1.0 — 2.0 
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IVridml cells, rniler layer, M, 
W('< inn view (r»()0) l{. 

IVriflial cell wails, M. 

outer wall (600) li, 

* - UnilcH nii'iisuKsl, M. 
viiriuhilily. 


-i .1 X 42.2 db .2 
21.0 —oa.fl X 36.0—‘io.;j 
0.8 


10.1 i .1 X 27.4 -h .1 
16.0 — 22.6 X 23.2 - - 31.7 
4.7 


6.3 — 8.2 


3.7 - 6.0 


mean, R. = btandard viiiifie based <tu eoellieient of 


A nolnvorthjj case oj rcoistavcc to the chstntd hui'k disease. J. li’itANKJiiN Colijnm. 

Records and pho1oftra|)lis of a Hpront of an American cliesimil lice in Pennsylvania 
which in 1912 Avas 1.2 inches in diameter ami showcil seveial places badlj' diseascil by 
(he chestnut bark disease funj^us. In t<'n yeans this sprout had increased to approM- 
mately 7 inches in <liain<'ter, and certain k^aious caused by the diseaw', which w'eie 
very evident in 1012, showed lit ll(‘ ('xti'rnal evidence of disease in 1917 and later. The 
sprout alw'ays was and st ill ia badly dis<‘ttsed in varioufl places. The fact that a Hpront 
of American ch(‘slnut but little more than an ineh in diameter, and apparently ginlled 
at tho base in 1912, ahould hove survived for t<‘n years and incrt>ased to 7 inches in 
diameter Hceins notiwvorthy. Lantern slidea will show viewH of the base of the Hpront 
taken in 1912, 1917, 1920 ami 1922. 


The MeJanconis disease of the huttemvt. AttTuuu II. ClnAVias. 

This is cliaraeterized in its first stages by the aiipearanco of dead limbs besprinkled 
with small black acervuli of the eousal fungus, Metanconiajuglandia (Pi. & PI.) comb. nov. 
Oi'cosionally tho aeon uU develop spore horns, but arc risiuilly rounded or wartlike, and 
in wet weather like drops of thick ink. This conidial btage has been known as MoUtn- 
conium oblotiguni Bc'rk. Tho asoospore stage, winch may appear later near these aaum 
pustules, has l>e(‘n Icnown as Diaporthefuglnndis K. & E., but by culture work this is 
now definitely proved to bo tho perfect stage of Mdanc<yniu.m eiblonguni Berk. Inocu¬ 
lation oxjieriments, extending over a period of more than four years, have oomdusively 
demonstrated that the fungus is a wealc parasite. Entering usually thixmgli Mnall 
twigs by way of a wound, the mycelium grows slowly down through the wood—faster 
if the tn'C is already weakened —\ o tlie main branch and finally to the trunk. Ordinarily 
tlie progix'ss of the diseaso is so slow that Ihe loaves fall one by one, not producing any 
striking willing or blighting olTects. In final stages affoctod trees have a marked stag- 
headed aspoei. Diseased branches should bo pruned off promptly some disbineo beloAV 
apparent infection and tho wounds tarred over or jiaiuted. After the fungus lum 
penetrated tho trunk no remedy is practicable. 

The relation of an widoscribcd species of Pestalozzia to a disease of Cinnanmnmi camphora 

Noes <fc Ebmn. Natuanibl 0. Howaiu). 

Investigations have been made recently to dotennine tho relation of fungi to a disease 
of Cinnamomxm camphora Necs & Ebeim., a malady which seriously threatens tho 
production of raw camphor in this country. The diBooso is caused primarily by a 
thrips, Cryptothrips fioridonsis Watson. Certain camphor growers, however, regard 
tho thrips injury as merely incidental to the attacks of a fungus, the latter being tho 
really destructive organism. An undesoribed species of Pcstalozsia was found to be 
quite constantly associated with tho thrips injury- Moreover, evidence was obtained 
indicating that tho thrips is partly responsible for dissemination of tho Pestalossia 
spores. Inoculation experiments, however, oonduotod in tho greenhouso upon camphor 
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plants ontiroly frco from tliripa iiidicalo that, uudor tliotio roiulilioiiH at least, ihia 
Pcstalorzia up. is imaMe to attack the healthy tisane, fmt develops leadily in dead 
portions of the host. It appears, then, that this funRus is n hapioph3’'le or, at the most, 
a weak, wniud-paiasiti* upon Cinnamomum campluna Noes At hlhenn. and that eontnd 
of the disease lies in the elimination <»f (^tifptothripsjloiidensis Watson. 

Prograts in hath try era^Ucntiov. I'k hi. Kr,Mi‘TON. 

Tn the harlierry eradication (‘ampaiRn eondueteil cooperatively for five ja'ars by TJ. S. 
Department of ARricultnre and 13 nort,h-central States, marked proRtess has lx*en made. 
During 11)22, the survey covered 200 counties. This includes 16 counties in hliimesota 
anti out' in Iowa survoj'ed on State funds. In these counties, 1S0,072 bubhes were 
located on 5,278 properties, and 606,617 buslies were removed from 6,799 properties. 
Of 276 countioH previously surveyed, 201 were ctnupleioly rcsnrvcyed in 1922, and 
84,142 sprouts were found and removed. I'lxperiments on chemical methods of eradi¬ 
cation, begun in September, 1921, have yielded highly important remdts. liuhhes 
properly treated with salt or sodium arsonite dio without sprouting. Investigations 
on the distribution of rust spores by air currents are being conducted oooporatively 
with the War Department Air Service v-hich furnishes airplanes and pilots. 

During the five years, 1918-1922, practieally all cities and villages of the 13 States 
have been covered ouee and resurvoyed in part, and 476 coimties have been completely 
eovered. This includes 40 counties surveyed on funds furnished by States. In the 
6 years, 2,060,641 bushes have Ixsen found in cities and villages and 3,740,102 on farms, 
making a total of 6,806,043 bushes found, of which 6,140,343 have bwin removed. 

Eradicating th$ common harherry by meant of chemiccUo, Nobl F. Tbompsok. 

In eonnootion with the cooperative barboriy eradication campaign of the U. S. 
Department of Agriculture and 13 north-central States, it has been found that abundant 
sprouting from root fragments occurs under certain conditions when the bushes arc dug. 
In the rolling, more or less wooded portions of those States, hundred of thousands of 
escaped bushes have developed from seeds carried by birds or animals. Under these 
eonditlons and espooially in well-traitied, more or less alkaline or limestone soils, root 
fragments sprout most abundantly. F'or those reasons the elTcctiveness of ehomicals 
in killing the bushes is being studied. While the experiments have not boon oompletod, 
eeriaiu jiromising rosults have been obtained. 

More tliun forty dilTerent chemicals have boon studied. Of those, two seem satis¬ 
factory from the standpoint of effectiveness, cost, and availability. These are salt 
(sodium nhlorido) applied at the rate of about 10 pounds per bush of average size, and a 
solution of sodium arsonite (1 Ib, to 5 gal. water) applied at the rate of two gallons per 
bush. Salt may be applied at any period of the year. The sodium arsenite Is oiToctive 
when applied throughout the growing season, but its action when applied in the late 
fall and winter is not yet fully dotormined. 

Palhologioai morphology of dvrum wheat grains affected with “black point," Wijn>A 

Wbnigjoe. 

For many years a disease of durum wheat, particularly of Pentad (D6), Monad (Dl), 
Kubanka, and Arnautka, has occurred in North Dakota. The disease is oharaotorued 
by ^*black pointed" grains, in which the embryo end is typically creosote colored. Some 
kernels are decidedly shrivelled as the result of early infection, but the majority are 
no t noticeably imderweight. Poor germination is common, and frequently a destructive. 
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The composition of corn seedlings at low and high soil temjipratiiies is the reverse of 
that for wheat. 

In the invasion of colooptilc and eolcorhi/a of beedliugs, the parasite jienetrates the 
walls of pectic materials apparently with little rosistaneo and is b(tth inter- and intra- 
eollular, whereas, it penetrates the cellulose walls slowly, digesting the middle lamella 
and thus remaining intercellular. All gradations between those two t ypos of peuotro I ion 
occur in the intermediate soil temperatures. 

(Cooperative investigations by Wis. Agr. Exp. Sta. and Cereal Investigatiotis, U. P. I., 
D. S. Dept, of Agr.) 

/ The -production in culture of the asdgorous stage of Fusarium tnonilifanm. Oback O. 

WlNBIAND. 

For two years, the behavior of a number of single spore eultures of Fusarium wonili^ 
forme Sheldon isolated from corn has been under observation, particularly for the 
development of an aseigerous stage. Some of these cultures have produced pcrithccium- 
liko bodies under certain conditions, but no combination of onvironmontsJ factors hns 
been found that would induce the development of mature porithccia. Iteeently, 
mature perithccia of the Giberolla tyi)c have boon produced in abundance, but only by 
combining two strains of the fungus. In one exiiorimont, strain Y J/J, alone, produced 
only pcrithocium-lihe bodies, but, when it was combined with Y 29 or S 1, nialuro 
i pcrithocia developed along the line of contact of the two strains in a majority of the 
' tubes and plates inoculated, while Y 29 and B1, separately or€n combination, produced 
neither pcrithccium-likc bodies nor perithccia. 

Single germinating ascosporos, from the Y16 and Y 29 combination, produced miero- 
coniUia in chains and 3-aeptato macroconidia typical of Fusarium inoniliforme. 

The strains mentioned differ somewhat mori)hologically, but all come within the 

1 limits of the new boot ion Moniliform established by Sherbakoff. 

(Cooperative investigations by the Wis. Agr. Exp. Sta. and Cereal Investigations, 
B. P. I., U. S. Dept, of Agr.) 


Influence of tcjupoiature on the morphology of Fusarium spores. llniiBN Johann. 

Experiments with the sltuly of hhiaaria indicate that tho tomixsratixro at whix-h Iho 
fungus is grown may affect tho size, shape, and aeptation of the. macroconidia. Cultures 
of a Hi)ocies reprosontativo of tho section Uosoum, whoso optimum temperatun* for 
veg<‘tativo growth lies boiwcon 18® and 21* C., produce sporodoohia in yrluoli fv-Hoptato 
eonidia predominate, averaging in size 62.2 by 8.4 /x when grown on various media in 
tho laboratory at about 22* C. Under such conditions few 0- and 7-soptaU* eonidia 
are found. In similar transfers subjected to ioinperatures of 10* to 14* (1., ollxor 
conditions, except light, being tho some, the spores are normal, bxit broader and less 
curved and a much higher percentage are 6- and 7-soptato. Tho 6-septate oonidia from 
these cultures average 07.26 by 4.82 ju. The effect of absence of light at low iompor- 
aturos has not yet been determined. The preaenoe or absence of diffuse light at room 
tomperature appears to bo oomparativoly unimportant. 

Preluninary experiments with other sections of tho genus Fusarium indicate that 
modification of the macroconidia may be obtained there also, although the rostilts are 
less striking. 

(Cooperative investigations by Wis. Agr. Ibqp. Sta., and Cereal Investigations, B. ?. I., 
U. S. Dept, of Agr.) 
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The 'pathogmicity of Fmanum moniliforme Sheldon on corpals. A. W. IIbniiy. 

Single spore cultures of Fusanum monilifonne, isolated from wheat seed from Mihuour 
and from wheat sick soil at University Farm, St. Paul, Miuucsota, proved viiuleiidy 
pathogenic to wheat (spring and winter), barley, field coin and sweet corn and also 
attacked lye and oats. Both cultures killed wheal seedluigs growing on nulrient agar 
in large test tubes. They also killed or stunted wheat plants growing in slerilizud soil 
inoculated with the organism in the greenhouse. Tho roots were nil ted and Ihe basal 
portion of the stems were sometimes attacked. The fungus was easily reisolated. On 
potato-dextiose agar, comparatively few macroconidia wore produced but long chains 
of microconidia were abundant. Both spore forms were produced in abundance when 
moist sterilized wheat seed was inoculated either with cultures from single inicroeonidia 
or from aiugle macroconidia. The culture isolated from wheat seed and that from the 
soil differ slightly but both correspond closely with the description of Fuearium moniU'- 
forme Sheldon. Both cultures grew slightly between 6 and 7“ C. and between 30 and 
36.5° C. Ihe optimum temperature for growth apparently lies near 30° C. 

Corn root, stalk, and ear rot disease imostigatiom in Kansas: Report of progress Xd$S* 

L. E. MBiiCBERS ANn C. O. Johnston. 

Varieties of while com used in the investigations show the presence of an abundance 
of Fusariwn moniliforme, while only occasionally a trace of Diplodia seae and even loss 
of GibbereUa savMneUi occurs on the germinator. Penioilliuni, Ehizopus, and Asper¬ 
gillus are much more common than Diplodia and Gibbeiella. Fnsarium moniliformo 
is by far the most common and occurs to a greater or less extent on over 96 per cent of all 
the ears so fax tested. This organism occurs externally on the grain in apparently 
50 per cent of the cases. Up to the present no noticeablo correlation can he seen 
between the occurrence of seedling injury on the germinator by F, nmiHifonne and tho 
symptoms of root, stalk, and ear rot as it occurs in the fields of Kansas. These data 
have been taken chiefly from strains of corn that have been selfod for two or more 
seasons. 

The occurrence of Fusarium and other '^molds'* on com in Kansas as shown on tho 
germinator is apparently not in itself sufficient or completely reliable to use as a boois 
for selecting or eliminating seed com under Kansas conditions in view of oiu* present 
knowledge. 

(Cooperative investigations by Kansas Agr. Exp. Bta. and Cereal Investigations, 
B. P. I., U. S. Dept, of Agr.) 

Relation of emironment to infection of cam seedlings by Diplodia zeas (Schio.) Lev. 

Johann, Jambb G. Dickson and Geaob WinbiiAnd. 

Five series of experiments conducted in the Wisconsin temperature tanks indicate 
that Diplodia eeae does not cause a destructive seedling blight of com when healthy 
seed is inoculated with spores or mycelium and the seedlings are grown under favorable 
conditions. One series under early summer conditions and in medium wet soil showed 
no evidence of disease. In contrast, inoculated seedlings grown in large test tubes are 
killed in about two weeks. The fungus is capable of attacking the mesoootyl, especially 
under extremely high or low soil moisture conditions at temperatures ranging from 24° 
to 32° 0. which includes the optimum temperature for the growth of the fungus. In 
wet soil at 28° 0., 63 per cent of the plants showed severe browning of the mesoootyls. 
These plants were not much stunted but leaned considerably due to their weakened 
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incBocotyls. Tlu> ofTcct of this type of injury on later development ia not know n as the 
plants wore* not earriert far beyond the seedling stage. (Cooperative invcfitigationa by 
Wia. Agr. Bta. and Ct^rcnl Investigations, B. P. I., U. S. Dept, of Agr.) 

JlelmhUhosporimn diacaso oj rice. G. 0, Ocpbmia. 

In an earlier abhlraet (Phytopathology 12: 34. 1922), the diacaac cau'wd by Sclr 
minthoHiiorinm orj/zae Biodade Ilaanwas called “St'Bomo spot disease of rice." The 
change of title is made in order to make the disease distinctly that of the rice and avoid 
possible confusion wdth a di&easo of Soaamum indicum L., caused by llelminthoieparium 
schaimum Bnec. 

Experiments wore conducted on the relation of soil temperatures to gonuination of 
certain Pliilippino low land and up land rices and the production of disease fnnn arti> 
ficial inoculations. Rice gonninated two to three days after sowing at 36“ C. and 32® C., 
tlirec to four <lays at 28“ C., four to five days at 24“ 0., five to six days at 20® and 40" O., 
and eight to fourteen days at 10“ G., writh soil moisture 25 per cent of the water holding 
capacity of 27.5 ],)or cent. Subsequent growth of soodlings is best at soil teiniieratures 
of 28“ to 32“ C. Infection takes place in soil tomporotures from 16“ to 36“ G., but is 
most severe at 28“ to 32“ C. Certain Philippine and Louisiana low land rices sprout 
under 10 to 20 eontimotera of water at temperatures of 20“, 24® and 28® C., in two wooks. 
Inooula ajiplied oxt(‘rnally on flooded rice did not produce infection. The causal 
fungus produced symptoms of the disease in artificial inooulation on 31 species of 23 
genera of grasses. 

Disease of flax caused by a species of Bhissoctmiia. W. E. BoBimEii. 

A destmotivo and apparently undcscribcd disease of flax has boon observed in a 
number of fields in eastern North Dakota. The disease occurred in somewhat de¬ 
finitely limited areas from a few foot across to more than an acre in extent. In those 
areas, practically every flax plant was infected. On individual plants, the infection 
first appears on the roots as small brown lesions just beneath tho surface of the soil. 
Later, these lesions oulargo and oxtond upward to the cotyledonary leaves and also 
downward, oovoring an area meosiuiug from I to 4 or 5 oentiinotors in length. In tho 
later stages of the disease, the aCfected cortical portion of tho stem is reduced to a dry 
pulp wliioh sometimes breaks and splits in such amaimerasto give a raggedapiK'aranee. 
Tho fungus enters tho pith and spreads, hut tho extent of penetration has not been 
detoruiinod. Tho plants wither and die prematurely, taking on the genond api^earance 
of “wilt.** The assoeiatoci fungus apparently belongs to tho genus Rhisoetonia. The 
fungus is pathogenic on flax but non-paihogenio on various other plants thus for in¬ 
oculated. Its minimum, optimum, and maximum growth temperatures in culture are 
about 13, 26, and 35® 0., r<»»pectlvely. (Cooperative investigations by tho N. Dak. 
Agricultural hlxperimout Station and office of Cereal Investigations, B. P. I., tl. S. 
Dept, of Agr.) 

A disease of flax not pr&HemJy reported in the United Staies. W. E. Bnatman. 

Dmring the past 4 years a disease of seed flax has been observed in North Dakota, 
which dovolops characteristic greenish'-yellow to dark brown mottling on the stems, 
leaves, and oapsuios. During the past season the same disease was obsorved on fiber 
flax in Michigan *by Mr. R. L, Davis, who sent si}eoimen8 for identification. The 
disease is very similar to if not identical with that found in South America caused by 
Phlyctaem linicoh Spog. Tho lesions on the stems vary in size and shape, depending 
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on the stage of development. At first they appear as dofs, then lengthen and later 
widen tmtil they extend around the stem. They may cover an area of one half to 
several centimeters in length, leaving irrcgular-fihapcd bands ol groon b(dwcen lesions. 
The spores of the associated fungus aro borne in pycnidia and nro hyalin, practically 
cylindrical, straight or slightly curved, and measure about 1.5 to IJ.O by 21 to 31 /*. 
Artificial moculations on different varieties of flax indicate that certain varkdics are 
vary susceptible, while others are somewhat resistant. (Cooperative investigations 
by the N. Dak. Agricultural Experiment Station and OJDSco of Cereal Invastigalions, 
B. P. I., XJ. S. Dept, of Agr.) 

Dvidi ■potato varieties resistent to wart disease and ivdemed brown spot. J. Coutwmn 

Botjbs and H. M. Quanjbb. 

The varieties tested for resistance to the wart disease wore first grown during a scries 
of years in isolated rows in order to free them through selection from loaf-roll, mosaic 
and other of the so called deterioration diseases. At the some time data have been 
collected on susceptibility to internal brown spot, on 3 rields and other qualities. 

The varieties thus prepared for the investigation havo been planted in 1922 on ground 
infected ^ith the wart disease between rows of a rather susceptible Dutch variety which 
served as indicator. The experimental plot was situated in the north of the country 
near the German frontier, which the disease has overlapped. The invostigaiion ex¬ 
tended over 83 Dutch, 7 German, 1 English and 2 Swedish varieties. A great dif- 
femce in degree of attack was noticed. The varieties which remained free from wart 
infection were the following of the breeder Veerkomp; Favoriet and Triumph; of the 
breeder De Vries; Fonteyn, Blruisling and Lieuwo. Also one German variety of the 
breeder v. Kameke; Pepo remained free from the disease. As regards internal brown 
spot Favoriet is susceptible, Triumph is resistont, while the three other Dutch wart- 
resistent varieties are intermediate. These five varieties have all yellow flesh, which 
is preferred for consumption in Holland. The white fleshed German variety Pepo is 
considered only good for the stardi factories. 

Spraying and dusting of potatoes in 1922 at Chaiham, Michigan. J. E. KoniiA and G. H. 
Coons. 

Large‘plots of Green Mountaiu potatoes with frequent controls and abundant 
replications have given results permitting evaluation of various typos of foliage treat¬ 
ment, The results are as follows; 


TABLE 1. 

Potato epiaying and dusting teats: Yields for treatment represent (wcrages of 5 plots, the 

controls an average of 11 plots. 

Number of Yield in bTishels per acre 


Treatment 

applications 

No. 1 

Culls 

Total 

Control... 


160 

40 

200 

Bordeaux mixture 4-4-50. 

6 

241 

43 

284 

Dehydrated copper sulphate and 

lime dust. 

•6 

192 

41 

233 

Bordeaux mixture 4-4-50—nico- 

tine 1-800. 

3 

199 

35 

234 

Dehydrated copper sulphate and 

lime plusiuootine2H per cent.. 

8 

147 

38 

184 
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Tn this fit'ld hopporhurn and parly blight wore tho disease factors cneomitored. The 
dilleronops in yield bIu)w the relative cflieienoios of tho various treatments. It is evi¬ 
dent that Bord('an\ nuKhin' ih far superior to Bordeaux-liko dusts, and that its appli¬ 
cation brings high leturns in increUvsed yields. 

Hot wnUr and hoi air IrtntmmU of potnloes, F. M. BtjODgbtt. 

Hot water treatments of mosaic affeetod Bliss potatoes reported last year were con- 
tinued with potatoes of the Rmal group affected with loaf roll. Tho results on. the 
killing of Rurals agree so clohcly with those for Bliss that they may bo considered 
together. Th(' equation given last year of tho tiine-temperaturo curve for tho killing 
of potatoes 1ms tho values of its constant terms slightly changed to fit ns nearly as 
possible all these rc&ults and is: logiot + .0955 X =• 6.588 in whicli t is time in minutes 
and X is temporatuio in (logroe& Gentrigrado. This equation is bufficicntly accurate 
to warrant its use as a guide in cxi>erimental treatments of potatoes with hot water. 
All ix>tatoeB surviving the treatment still carried leaf roll. Surface injury and de¬ 
creased sprouting appeared on potatoes treated about half the time required for com¬ 
plete killing. Black heart resulted at all temperatures between 40 and 3 00" O. in tho 
time range just aliovo that necessary for killing tlio potatoes. Preliminary experiments 
with dilute solutions of mercuric chloride producwl curves which are parallel to tho 
preceding and slightly below it. 

Hot air treatments were tried with white sprout potatoes affected with mosaic. All 
potatoes surviving the treatment had mosaic. Tho relation of time and temperature 
found for killing potatoes by hot air may be expressed by the following eqiintion: 
(t — 8.425) (X — 34.5)« « 1067000. 

Studies on ihc cciitsca of stein-end discolomthm of potato tubes in NorOk Dakota. Wauda 

Whnigmb. 

During the past three yeans cultiual studies of stem-end discoloiud tubers from 
nearly every potato growing section of the stale have been mode with tho view of 
determining the cause and natiuo of vascular discolorations. Tho tubers studied were 
mostly of the I^lariy Ohio variety, all Bliowing a distinct browning of the vasadar tissues 
when cut across about one-fourth to three-eighths of an inch from tho point of rlusome 
al.tachmont. Oulttircs were made from tissue taken at an avorage depth of one-half 
iucli from the point of atl ochiueut aiid at least tliroo made from each tuber. Fusarium 
wilt was found assot'iatod with less than ono-half of the discolorations, and was not, as is 
popular Iwlief, the. solo cause of discolorations. Many tubers, although showing a 
distinct browning, gave no growth of any parasitic organism, while others showing 
little browning gave the Fusaruun wilt fungus. In a large percentage of tubers the 
blackleg bacillus was found, while in some both blackleg and wilt wore present. Those 
discolorations, whether yielding growths of Fusarium wilt, of blackleg, of both wilt and 
blackleg, or of no organism, wore not distinguishable either in color or extent. 

/to*8 potato mricii/ Bkishiram in Now York. Dostai/d Reddick. 

The potato variety Fkishirazu has been toatod in greenhouse and field at Ithaca, 
New York. In a cool house it grows luxuriantly and produces largo tubers. In a 
warn house it makes very poor growth and produces many small tubers. Both in 
1921 end 1922 its growth in tho field corresponded to that of tho warm house. The 
variety has been subjected ropoatodly, both tmdor glass and out of doors, to extremely 
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ffliVorsJble conditions for infection by Phytophtiiorti infestaiiB, Occsi&ional RHiall lesions 
have been produced but conidiophores on losions of attached leaves have been found 
only once. The variety subbtantially bears out its name, “bliftht luiknown,” but it is 
susceptible to mosaic. Under cool conditions the variety produces f^rcat c|uantitics of 
pollen. In conjunction with C. H. Myers, hybrids have been secured with Ilural 
Green Mountain and Evergreen, the latter variety itself possesbing marked blight 
resistance. 

The relation of humidity to the infection of sweet potatoes hy RMaopus. J. I. Jattuitzen 

AND L, L. Habtdr 

Only a small percentage of potatoes halved with a knife became infected with Khizopus 
when subjected to relative humidities of 94 to 98 per cent at temperatures of 22.6 to 
24” C. 

The percentage of infection increases as the hmnidity is lowered until at a relative 
humidity of 72 to 84 per cent it is nearly 100. 

At relative humidities of 59 to 63 per cent there is dooreaso in the percentage of 
infection and at 49 to 52 per cent it is about 20. 

At a temperature of 12” 0. the relation of humidity to infection is the same as at 
22.5 to 26® C. except that the range is narrower. 

If potatoes subjected to humidities of 94 per cent at 22.6 to 26® C, are exposed to 
lower humidities, scarcely any infection occurs, but if potatoes subjected to humiditios 
of 49 to 63 are placed at the same humidities nearly all become infected. 

Apparently changes take place at the higher humidities which make the potatoes 
more resistant to the attack of Bhizopus. Tliis resistance seems to be located in tho 
outer cells of the out surface, because if a thin slice is cut off from the potatoes parallel 
to the cut surface, these potatoes become infected. 

The ascigerous stage of the sweet potato black-rot fungus. John A. Enuorr. 

The fungus known as Bphaeronema fimbriaium has been described as having three 
forms of asexual spores, two of which are borne on free conidiophores and a third in a 
long-beaked pycnidium. Examination of embedded and sectioned material has shown 
that the supposed pycnospores are asoospores which axe apparently liberated within 
the perithecium by the early disinitegration of the ascus. Tho ascosporos are produced 
by free cell formation within the ascus, each asous at maturity containing, typically, 
eight spores having a single well-defined nucleus. The perithecia originate iu a hyi>hal 
knot, arising, at least in some cases, from the intertwining of branches from two distinct 
hyphal strands. The taxonomic characters place the fungus in the genus Oeratostomclla 
and the specific name C. jmbriata com. nov. is therefore proposed for it. 

YsUom—Resistant celery: 6rd progress report. Q. H. Coons and Ray Nbison. 

Seed production of Golden Self-blanching Celery resistant to yellows (Fusarium sp.) 
was continued on a small scale in 1921 and about a pound of resistant seed is now avail¬ 
able for increase. Testing con<»med itself with comparing progenies of individual 
plants for disease resistance. The second generation plants from most isolations 
possess the same tolerance as the parents and have developed well in infested soil in 
which commercial seed has failed completely. 
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Tt’orA- uimi Fuhariwn — Rok-iniavt cabbage in 19SS. L. R. Jones, J, C. Walkbu and 

K. C. Timh. 

The work of tlu' last two summers with diboase resistaul cabbage has been oBsentially 
a coutinuatiun of iliat of preceding years with increasing attention to securing Fusarium 
resistant strains of certain early varieties. In this the developments promise ultimate 
success although technical difficulties in holding the early varieties over for seed pro¬ 
duction hm^c slowed up progress. In addition to established strains of the three later 
varieties tllollandcr, All Seasons, and Brunswick), we have promising resistant strains 
of the earlier varieties (All Head and Glory). 

Further experience has shown the uncertainties associated with depmding upon 
ordinary commercial agencies for maintaining a supply of reliable seed, one such agency 
having distributed seed this last year which proved to have little resistance. We arc, 
therefore, encouraging two distinct methods for meeting this need. Tho first is that 
state men or institutions take tho responsibility, probably in cooperation with some 
state or local growc>rs organization, of securing the resistant strains suited to local 
needs and growing their own seed either directly or by the contract method. Certain 
locahtioH atid organizations are already doing this successfully. Wisconsin cabbage 
grow ing districts have done so for several years and tho National Kraut Packers Asso¬ 
ciation grew some 4000 pounds of Wisconsin All Seasons under contract last year for 
it s members. As a second method commercial seedsmen ore being advised to hold their 
seed ov(‘r one year so os to permit of field trial to determine its diseose resistant quality 
before it is ollcred for sale. 

A new blosaonh-oid decay gf wato)'7nclona mused by an vndcaaibed species of Pyihium. 

CnARDEH DltKCQSLBll. 

At Arlington Farm, Virginia, in 1022, a field disease of watermelons, manifested ox- 
tcrnally by a dark chocolate-brown or biuirfi-brown discoloration, that progressed from 
the blnsHom region toward tho stem end, was decidedly destructive. The rind assumetl 
a watersoaked, candied appearance, while the discolored pulp became flaooid in ctm- 
siateney. The diseased parts were invariably occupied by a fungus closely resembling 
Pytfiium arUttroffUfi DelJary in size of oogonium and oospore, and in the presence on tho 
oogonial wall of narrowly conical radial processes. However, while in Pythium arta- 
trogus fortilissation is always accomplished by a “hypogynal" anthcridium, in tho walor- 
m<‘lon parasite it is offooti'd more frequontly by multiple branch anthoridia, of which 
from one to four aro usually present. Tho stalk antheridia, moreover, are considerably 
shorter, their length and ^ameter boing approximately equal. The fungus may oc¬ 
casionally enter tho watermelon by wounds or by lesions caused by other fungi. In- 
footiou resulted from inoculation with pure cultures under the rind. 

Tho watermelon decay attributable to Pyikium debaryamm IlesBe, which also was 
abundantly present in the field, is distinguished from tho new trouble by light brownish 
discoloration of the extorior, bloaching of the pulp to pale pink, exfoliation of the epi¬ 
dermis on slight chafing, a peculiar strong marshy odor> and the frequent presence 
on the moist under-side of exbramatrical mycelium. 

8e«d treatment in the ecmJtrol of pepper diseoaes, B. B. Hiqgoks. 

In studying the diseases of pepper which occur in Georgia it has been found that the 
common leaf spot and fniit rot organisms (Cereospora capsioi ITeald & Wolf, Sacierium 
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sp.f Gloeosporium sp., CoUetotriclinvi sp., Macrospoi iuin sp., and Phonia destriictiva 
Plow.) may bo carried over from year to year on conlaininalod bced. Smre seed con¬ 
tamination IS certain wheic seed aic gathcied on a conunercial boale, elforta are being 
made to develop a satisfactory mothoii of seed treatment; but the varying lesponse of 
pepper seed to treatment with disinfectants makes the task difTicnli. A solution which 
stimulates germination and sub'^equent growth at one time may seriously impair 
germinations of the seed at another. It is hoped that more uniform results may be 
obtained by treating the fresh seed as they come from the washers. For treating the 
seed at planting time the best results have been obtained with copper sulphate solution. 
The seed are soaked in water 6 to 24 hours, drained, soaked 6 minutes in a 1 to 80 copper 
sulphate solution, dusted with air slacked slime, and planted at once. 

An improved formaldehyde tank for the onion drill. A. V. Osmum and P. J. Andbuhon. 

The only successful method known for controlling onion smut in by the application of 
formaldehyde in the seed furrow at planting. All investigators have employed eshcn- 
tially the same type of apparatus which has no provision for eliminating variation in 
rate of application due to reduction of pressure as the column of liquid lowers in the 
open tank and to speed of operator. To obviate those dilfioultios a new type of appara¬ 
tus has been developed at the Massachusetts Agricultural Experiment Station. The 
chief featiues of the improved equipment are: (1) a tank made air-tight at the top by 
a screw-cap, air to replace the liquid being admitted through a stand-pii)c attached 
near the bottom which eliminates variation in rate of flow duo to diminishing “head”; 
(2) changeable discs with graded openings which fit into a union in the delivery pipe 
regulate the size of the outflow stream to correspond with the rate at which the operator 
walks. A table based on formulae of application and the time it was found that <lif- 
ferent operators required to push the drill a certain unit of distance indicates to the 
operator which of the numbered discs to use. Other improvements of minor importance. 

Botrytia rot of the globe artichoke (Cynara scolymua). Gno. K. K. Link, G. B. Hamsby 

AND AIjIOB a. BaIDBY. 

Botrytis rot, due to Botryiis cimrea (Pors.), causes heavy losses in shipments from 
Califomia of the globe artichoke. 

Although primarily a transit disease it begins in the field whore the original con¬ 
tamination and frequently the original infection take place. ITie fungus was found 
in the artichoke fiel^ near Ilalf Moon Bay, California. There, favorc<l by heavy fogs 
and oool weather, the fungus grows and sporulates profusely. Lesions on tho growing 
buds generally are to be ignored in harvesting and packing. 

Successful inoculations were obtained by using as inoculum: (1) spore suspension, 
(2) potato agar cultures, (3) infected bud scales. To get infection by tho first method, 
it was found necessary to saturate the air in. the infection chamber with a spray of water 
once every 24 hours for three to four days. This method probably approximatos con¬ 
ditions under which original field and transit infections occur, while the third method 
is the way in which the disease spreads in transit. The fungus causes very little rot 
at temperatures above 80® P., and practically none at 0“-2" 0., although it grows 
slightly on agar at 0® C. The rot progresses most rapidly at temperaturos between 
68 and 75® P., lesions 4-^ mm. in diameter developing within 24 hours after inoculation. 
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ControlluHf tohairo u ihljin in the (>(C(1-h<d, E'. J. ANmutftON. 

On fivo snrcossivo crops of lohacco W't'*llingt. iu Iho Kxppriinonl Rtnlion Ixjtls wildfire' 
was roduri'tl to an avpr.igp of not over one per cent by wpraying or dusting the lieds 
with a (*o])pev fungieidi'. I’lie percentage of infection on tho controls varied from 20 
to t)2. Oojiper lane tlust, Borileaux mixture and varioiw commercial fungicidcH weie 
all alioul ('(pially olh'clive. No definite intoi'valbetwet'n applicationa can becatablished, 
but they must be sunieiently frequent to keep the leaves covered at all times. Dusting 
is more expensivt' than spraying but is more lapid luid more popular with the growers. 
(Irotvers who used enough fungicide and apiilied it frequently (‘noiigh were succosslul 
in keophig the beds clean. 

27io Spha<ruhna leaf spot of clover. E. F. TTopkins. 

This disease which appears not to liave been previously reported from America was 
first observed by tho writer in the spiing of lt)20, on the campus of the University of 
ISIissouri. It was later observed in several other places in Missouri, in Illinois and 
NewYork. The malady has been no U'd principally on Tirfolinmrtpmahui T.hylnridum 
and T. pratan^e have been found abundantly infected. Inoculation cxpcriraenls show’ 
that T. irraiftm perenno is V(*ry susccptihle. 

J^ividcnco that the disease has lieen present at Columbia, Missouri, since 1902, was 
obtained when typical lesions were found on an herbarium spoeimen, of T, repona, 
collected at that time, 

Tho lesions produced on tho loaves are at first very minute, dark spots w'hich usually 
have at their ecnti'rs one to several murifomi spores. Eater tho lesions enlarge and are 
then characteriaed by a Ugh t brown c<*nter surrounded by a dark margin. At this stage 
numerous perithocia apiiear. A study of these pcrithocia show the organism to be 
SphaeruUna itifolii 10. Jtostr. and inoculations moflo with cultures obtained from 
young lesions and also from single ascosporos proved the organism to bo pathogenic. 
Abuiwlant infections wore obtained by exposing healthy plants to loaves bearing iiori- 
thecia. Lesions found on flower parts indicate that infection of the seed may take 
placo. 

The oecnnmee <\f zonatc ((/(-apot on mriona grasHiH anti Uh mode of extaubion. CnAWjKH 

DuuensLEu. 

During the summer of 1922, IldminOwaporium yiganteum If. & W. was prevalent 
near Washington, D. 0., on a number of grasses bcsules Cynodon daclylon L., on which 
it was oviginaUy descrilietl. On this host and on PhalariB armdinaom L. the fungus 
exhibited ils greaU'st destructiveness. JSUvhine indica (L.) Qacrtn., Bromua inemis 
Leyss., Agroftyron repem (L.) lieauv,, Agropyron elongatwn Host, Agropyron inter¬ 
medium Beauv,, and ImiagmUe aph/tidem Kunth, wore severely attacked also. Mode¬ 
rate infections occurred on Agroatie stolonifara h,,Elymm virginieue E., and Leeroia 
virgi/niea Willd. Pmniaetumjapmicum TYin., Panicum dichoUnmflorim Michx., Ponv 
oum gattingeri Nash, Pmiieum ckmdoatinim L., Panicum ancepa Michx., BragrroaUa 
major Host, Bragroaita pectinaeea (Riiobx.) Necs, Muhlenbcrgia mexitxmt (L.) Trin., 
MMcnhergia achtthwi Gmol, Poa pratenaia L. and Pklcwn pratenao L., were spotted 
to a variable extent when growing with more favorable hosts. 

The destructiveness of the ftmgus is largely depmident on heavy dews or moderately 
prolonged rains, os tho parasite, owing apparently to inability to grow any considorahlo 
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distance in tlie mesophyll seems unable under dry conditions to onlarRC the relat ively 
small spots resulting from infections by inflividual conidia. However, when the nffeel ed 
part is moistened externally, o superficial prostrate mycelium arising; from the niiiigiuB 
of the dead areas is extended ocntrifugally and infeeta the surroimding tissue. This 
intermittent development continues until the entire leaf blade is involved, the dia- 
coloration of the dead foliage presenting a strikingly clinraetoriatic donation. 

Sulphur as a funqievde. 1. Colloidal sulfur IT. C. Young. 

Colloidal sulfur was prepared by three differtmt muthods, namely, by “The llalfo,” 
by “The Oden,” and by a special method. The toxicity of this form of sulfur was 
determined by using Collctotricum gossfypii, Cflorntrclh. cingvlata, GloQSj)orimu vemfum, 
Botrytis einerea, Sclerotinia dnerea, Phomopsta sp., Macrosporium aarccnaeforme^ and 
Fusarium oxysporum. Sulfur in this form is very dilute solutions was found to be very 
toxic within a narrow limit of hydrogen-ion conoontration (about pll 5.8). to all the 
organisms used. The finer colloidal particles were found to be more toxic, and a general 
lessening of toxicity was noted as the particles increased in size. Finely divided flowers 
of sulfur was found to be more toxic than the ordinary flowers of sulfur sold on the 
market. This toxicity was also influenced by the hydrogen-ion coneentration, Iho 
point of greatest toxicity being the same as in the ease of colloidal sulfiu*. Changes in 
the reaction of lime sulfur were also studied. Dilute lime sulfur (1-8) is alkaline 
beyond the pH range, but changes within a few hours after spraying to pH 6-7. 

The December^ 1923 number of Phytopathology was issued January 31. 
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THE DlS'lTilBUTION OP THE ORANGE-RUSTS OP 

RUBUS 

R. O. Dodqb 

In connection wilh a lino of work primarily devoted to infection 
oxporimentH with the orange-rusts of Rubus, some observations were 
made on the occurrence of the long-cycled form, Gymnoconia, at various 
localities, in regu)ns coiisidcrably south of its hitherto known range. 
The distribution of the short-cycle rusts has been the subject of much 
study, some holding that they are more common in the northern regions 
where the shortness of the season tends to eliminate the accessory spore 
forms. It is not unlikely that conditions limiting the geographical 
ranges of the micro- or lopto-pucoinias arc entirely different from the 
factors that del ermine the distribution of the Endophyllum-like short 
cycled rushs. As pointed out by Arthur (1) the orange-rusts furnish us 
with a subject, a 1 borough investigation of which may serve to clear up 
some of thes<‘ highly important questions. It is necessary, therefore, 
to have at hand as far as possible, data regarding the distribution of 
both rusts, and it is with this in mind that the following notes are sub¬ 
mitted. The writer has had the enthusiastic support of Drs. N. E. 
vSt(‘vens anti (1. L. Slunir, wlio have contributed materially towartl 
furtht*ring this work. 

Arthur (1) liHt<Hl th(' coUectiona of the orange-rusts in his herbarium 
either as KunkcUa (Hohw.) Arth„ or as Gymnoconia interatUialis 

(Schl.) Iji\gb., “more or loss arbitrarily,“ the known distribution of the 
telial stage being the prime factor in determining whether a given 
oollociion of the aecial stage should bo listed as the one or the other. 
The Gymnoconia is not shown to occur west of the Mississippi, except 
in Alaska, otherwise it was supposed to bo confined to the region oast 
of the. Mississippi and in general north of Ohio, or in the northeastern 
United Slates and southeastern Canada. Arthur thinks that there can 
be no doubt that the northern-most area is occupied by the long-cycled 
rust and the soul hern most area by the short-cycled form. Difforonoea 
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in the morphological charactcr.s of the aociosporoh (7) which froquonlly 
enable one to predict before germination tehts are made which form iw 
at hand, had not been pointed out at that time and germination .studies 
had been made in only a few localities. 

Atldn&on (3) claims, in effect, that low tempeu-at ures inhibit the pro¬ 
duction of promycelia, so that the nature of the oraugc-ruht would Ix' 
long-cycled or short-cycled, depending on the temperature at the time 
of the germination of the aeciospores, a statement easily disprovt'd 
by a simple experiment. 

Kunkel (7) found that the rust on the black raspberry in tin' vicinity 
of Washington, D. C., is always long-cycled, and states that the black¬ 
berries and dewberries in the same region are attacked only by the short- 
cycled form. This, if true, would suggest that specific differences in llu' 
hosts might also be an important factor in limiting the range of each 
rust. On the other hand, the long cycled form was found on blackberry 
much farther south, at Mountain Lake, Vkginia, which is at an altitude 
of about 3,000 feet. This could be cited as evidence that higher altitudes 
as well as higher latitudes arc more favored by the Gymnoconia. lie 
says that the aeciospores of the long -cycled form occasionally produce 
promycelia and do so more frequently when germinated at the low 
temperatures, 6-10° C., such as one finds in the ordinary ice box. This 
author did not study the nuclear phenomena in connection with the 
germinating spores which produced these structures and does not claim 
that he observed a nuclear fusion, but he assumes that such is the case 
since he finds what appear to be normal promycelia. Sappin-Trouffy 
(9) pointed out in a paper overlooked by Kunlcol that the acoiosporoB 
as well as the urodosporos of a number of rusts may germinate rather 
abnormally. Branched germ tubes with cross walls and supernumerary 
nuclei are not uncommon in cultures of germinating rust sporcB. The 
writer (6) also had described and figured in detail a curious typo of 
germination of aeciospores. As the acciosporo of Oymnosporangium 
tran^ormans germinates the two nuclei may come to Ho in a pouch-Hko 
enlargement of the germ lube where they i^vidc. The end of the tube 
grows out and branches more or less irregularly, often forming three or 
four short divisions into each of which a single nucleus may migrate. 
A definite cross wall cuts off the forward part of the tube which contains 
most of the granular cytoplasm from the portion next to the spore. 
As the culture ages large vacuoles separated by fine lines of cytoplasm 
help to give these germ tubes the appearance of promycelia. The 
writer has not studied the germination of the aeciospores of the Gymno- 
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conia very oxtonsivoly and has not seen any true promycclia although 
branched g('rin tu])es arc not rare. The two orange-rusts arc certainly 
80 clost'ly relati'd that one must have been, derived from, the other, 
either by a previous fusion of the nuclei in the acciospore germ tubes, 
as suggested 1)3'^ the double life history of the Gymnoconia observed by 
Kunkel, or by a delayed fusion followed by the development of a telial 
stage in a short-cycled form. 

Clinton (4) states that both forms occur at New Haven, Connecticut, 
and Davis (5) now finds the short-cycled form in Wisconsin, whero only 
the G 3 rmnoconia was supposed to exist. Just why only Kunkolia has 
been found in Minnesota, while across the river in Wisconsin the Gymno¬ 
conia is so prevalent, is not clear. 

While on a trip to North Carolina in 1921, the telial stage of Gymno¬ 
conia was found, October 10, on Ruhm argvins at Ridge Crest, (altitude 
about 2600 ft.) in the vicinity of Asheville. One of the systemioally 
infected plants was brought to Wasliington and planted. Aecia matured 
about May 1, and the spores on germination showed only long, negatively 
holiotropic germ tubes,—-no promycelia. 

3<>om April 19-24, 1922, many collections of orange-rust were made 
at Winston-Salem, North Carolina, in the region where Sohweinitz first 
found Aocidium 7utcns, The long-cyclcd rust was found on Rubus 
occidentalis back of the Moravian Seminary. All orange-rust found here 
at this time on blackberry and dewberry proved to be short-cycled. 

At Salisbury, North Carolina, April 25, about twenty collections of 
aooia of a very dark reddish-orange color on blackberry wore made. 
The color of tho rust seems to bo a very deceptive character, as all 
found on blackberry hero also proved to bo ahort-oyoled. 

April 25 and 20 some fifty oollootions of the rusts on blackberries 
wore made in North Carolina between Ridge Croat and Old Fort which 
is at an altitude of abotxt sixteen hundred feet. Two of the oollootions 
on wild blackberry proved to bo long-cycled, one obtained at tho crest, 
tho other at the base. Four other oollootions were too young to deter¬ 
mine. Black raspberries in tho vioinity along tho railroad near Old 
Fort wore well infooted with tho Gymnoconia form. On this host 
aecia were just beginning to mature, while the short-cycled form on 
blackberries was well out and powdery wherever found. Thinking 
that perhaps in some localities the Gymnoconia might mature a little 
later, several blackberries having only the pycnial stage at Ridge Crest 
wore marked and on May 17, throe weeks later, Rev. J. L. Ray sent 
rusted leaves from those plants. With one exception they bore tho 



64 


Pn YTOPATnOLOGY 


[VoL. 13 


long-cycled form of the rust. It has also been noied that whore l)o1h 
rusts were growing on llic same species of dewberry (originally obtained 
in an infected condition from North Carver, Massaeluihotlb) at Arling¬ 
ton, Virginia, the Kunkelia form develops at least a we(‘k earli<‘r than 
the Gymnoconia. How far this will prove to be true another year, or 
in general, of course, must be determined by further observation. It 
is not improbable, however, that collections made about May 15, at 
Salem and Bethania would also result in the diacoveiy of the (lymno- 
conia on blackberry in the region covered by Schweinitz. 

At Washington further search was made for the Gymnoconia on tlu* 
blackberry and dewberry. On May 24, along the bottom lands of tlw* 
Patuxent River at Hill’s Bridge near Leon, Maryland, it was noticed 
that the rust on some of the blackberries was a rather dark reddish 
orange. The two specimens obtained at the time proved to be long- 
cycled. Throe days later sixty collections were made along Ihis roa<l- 
sidc and in an abandoned field one mile east. It was easy to determine 
by the size, shape and color of the spores which form was uud(‘r observa¬ 
tion, a mistake being made in only one case. About half of tlu* in¬ 
fected blackberries along a filling of sand and gravel bore tin* long 
cycled rust. At Pindell cross road the short-cycled rust predominated 
at one end of the field, fully 60 per cent of the plants being infe<*t<‘d. 
A few rods farther on many plants were infected with the Gymnoconia. 
The black raspberries in the immediate vicinity seemed to be entirely 
free from the rust. Several infected blackberry plants were transferred 
to the greenhouse where tolia appeared in July on those that survived. 
An abundance of teliospore material was colloctcd at the Patux(*nt 
River locality, July 22 and August 17. 

About a dozen infected wild blackberry plants had been ol)taiiu*d 
near Forcstville, Maryland, a few miles from Wasliington, on April 11. 
It took some time for them to recover after being potted, but by May 
31 most of them had mature aecia on the shoots that had grown out 
since transplancing some light orange in color, others a darker reddish 
orange. Germination tests proved that one plant, No. 291, hatl the 
long cycled rust; two others. Nos. 292 and 296, had a rust whose spores 
were large, spherical, of uniform size, and a dark reddish-orange color. 
These spores produced at once negatively heUotropic germ tubes, 
which after growing out vigorously for some distance became very 
regularly perfect promycelia bearing sporidia. Several other plants 
from this place developed the more typical Kunkelia. Telia were found 
at Forestville, Maryl^d, July 22, where these plants had originally 
been obtained. 
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Several collections of oraugo-rust were made at Bethlehem, Pennsyl¬ 
vania, June 10 to 12. A number of plants of liubus occidentaUs bore a 
hght orange colored rust which proved to bo long-cycled. A number 
of wiki blackberries also boro the Gymnoeonia. On the hill above Le¬ 
high Univ(‘rsity, two blackberries bearing the long-cycled rust grew 
n<‘ar t('n others infccjtecl with the short cycled form. Those could bo 
distinguislu'd by the color of the rust, although germination tests of the 
spores are always necessary to prove each case. 

Five specimens of rust were collected on blackberry by Dr. Shear at 
Dover, Ohio, June 17, 1922. The two on the cultivated variety, Eldo¬ 
rado, proved to be the Gymnoeonia, while one, each on a wild blackberry, 
liuhm allcghenie7i6is, and a cultivated variety, Mercercau (?), wore 
short cycled. April 25, a specimen of Kunlcelia was received from 
Oklc(‘, Minnesota, on cultivated blackberry. Oldee is in 48° north 
latitude whore the winters are notably very severe. 

On May 12, 1921, Dr. Stevens sent in several infected plants h*om 
Woodstock, New York, In each case tests proved that the rust on 
blackberries and dewberries was shoi’t-cyclod, but on the black raspberry 
the rust< was long-cycled. The same region was visited on May 30,1922. 
One collection on hlacklierry at 2,000 feet was long-cyclcd, while one 
made on wild dewberry at 1,000 feet was short-cycled. The rust on 
liubuH occidentaliif at both of those altitudes was long-cycled. Random 
collections made at North Garvor, Mass., May 27, 1921, showed that 
both forms grow heni on blackberry side by side, five specimens being 
Kunkelia and live Gymnoeonia. Several collections made July 8, the 
same year, from this locality proved to be long-cyclcd. The Gymnoeonia 
has been found in Maiiu' at Wells, North Livermore, Leeds Junction, 
Lewiston and l^hillips on Hvbus miadcnm and other wild blackberries 
and d(‘wl)orries. We have not found Kunlcclia as yet in this state. 

A gr('nt many germination tests have boon made of aeciospores from 
a, occidc7iUm8 within a radius of twenty miles of Washington, D. C., 
without finding the Kunkelia on this host. 

Experiments to bo described elsewhere show that the following 
cultivated varieties of blaokborrios are susceptible to infoction by the 
Kunkelia at Washington: Iceberg, Crystal White, Mercercau, Crandall, 
Kittatinuy Loganberry, Ward, Taylor and Eldorado (?), Telia of the 
Gymnoeonia have boon collected on leaves of the Ward, Loganberry, 
Eldorado, and Kittatinuy, Morcoreau, Taylor and the mountain black¬ 
berry, R, camderms, in the same region. 
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The following table may bo considered in the nature of a supplement 
to Kunkcl's list of collections (7), the acciospores of which were tested 
by germination. Where more than one collection was made at a given 
localily on a certain date the number tested is sometimes shown in 
parenthesis. While the color of the aecium is a character frequently 
helpful in predicting how the spores will germinate, it is not a constant 
feature and it is not mentioned in our table. For example, at Bethania, 
N. C., April 23, 1922, short cycled aecia on blackberry were a very 
dark reddish- or brownish-orange color; at Old Fort, N. C., April 25, 
the color of the same form varied from light lemon-yellow to deep 
xanthine orange, regardless of the state of maturity of the aecia. 

TABLE 1 


Place and time of collection^ host and manner of germination of tJie aecioapores of various 

collections of orange rusts 


Place of collection 

Time of collection 

Host 

Manner of 
germination^ 

Wells, Me. 

Arlington, Va. 

(From Phillips, Me.) 

July 10, 

1922 

Wild blackberry 

Germ tubes 

May 1-10, 1922 

Wild dewberry (14) 

(t l( 

Phillips, Me. 

Jime 27, 

1921 

22. canadensis 

cc it 

Wells, Maine 

July 6, 


Wild dewberry (3) 

tt tt 

North Livermore, Me. 

June 27, 


Wild blackberry (2) 

tt tt 

Portland Farms, Me. 

July 6, 


“ “ (3) 

tt it 

Leeds Jet., Maine 

“ 1, 


Wild dewberry (0) 

tt tt 

Lewiston, Me. 

Juno 28, 


«. » (7) 

tt it 

Phillips, Me. 

“ 27, 


tt tt 

tt tt 

Phillips, Me. 

July 8, 

U 

it tt 

tt tt 

N, Woodstock, N. H. i 

June 20, 

O 

“ “ (4) 

tt tt 

N. Woodstock, N. H. 1 

“ 21, 

tt 

“ “ (3) 

tt tt 

Profile Lake, N. H. j 

24, 


Wild bladcberry & 
wild dewberry (12) 

tt tt 

Bartlett, N. H. 

July 11, 

1922 

Wild blackberry 

n tt 

Franklin, N. H. 
Bartlett, N. H. 

June 21, 

1921 

Wild dewberry 

tt tt 

“ 23, 

1C 

S. canadensis (7) 

tt tt 

Beamis, N. H. 

“ 21, 

l< 

canadensis 

4( U 

Chawford Notch, N. H. 

" 20, 

ti 

Wild blackberry (4) 

it tt 

Woodstock, N. y. 

May 12, 


“ “ (8) 

Promycelia 

Woodstock, N. Y. 

“ 12, 

it 

22. occidenicAis 

Germ tubes 

Woodstock, N. Y. 

(1,000 ft, alt.) 

“ 31, 

1922 

Wild dewberry 

Promycelia 


^ Miss Bath Oolvin made many of the gonnination tests here reported. 
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TABLE 1 {ConUnw^. 


Place of oolleotiou 

Time of collection 

Host 

Manner of 
germination 

WooflRtock, N. Y. 

May 31, 

1922 

JS. occidentalis 

Germ tubes 

(1,000 ft. alt.) 




I 

Woodstock, N. Y. 

“ 31, 

<< 

Wild blackberry 

if it 

(2,000 ft. alt.) 





Woodstock, N. Y. 

“ 30, 

4( 

B. occtdentalts 

« « 

(2,000 ft. alt.) 





Marlboro, N. Y. 

May 18, 1921 

Wild Bubus spp. (6) 

Promycblia 

Pine Bnsh, N. Y. 

May 28, 1922 

Wild blackberry 

Germ tubes 

Bull Bill, N. Y. 

May 28, 

ft 

Wild blackberry 

t( ft 

BuU imi, N. Y. 

May 28, 

n 

Cultivated blackberry 

Promycelia 

Brooklyn, N. Y. 

July 1, 

1920 

Wild blackberry 

ft 

Reading;, Mass. 

“ 3, 

if 

Cultivated blackberry 

if 

North Carver, Mass. 

May 27, 1921 

Wild dewberry (3) 

Germ tubes 

North Carver, Mass. 

June 6, 

1921 

Ji. occidentalis (3) 

ft ti 

North Carver, Mass. 

“ 6, 

ft 

Wild blackberry (2) 

Promycelia 

North Carver, Mass, 

May 27, 1921 

Wild dewberry (6) 

if 

Salisbury, Mass. 

July 10, 

1922 

Wild blackberry (2) 

Gmm tubes 

Pittfafiold, Mass. 
Canaan, Conn. 

June 2. 

1921 

B, oecMeniahs 

it ft 

May 20, 

it 

Black raspberry (6) 

if ft 

ITammonton, N. J. 

Juno 6, 

1922 

Wild blaokberiy (2) 

Promycelia 

Cologne, N. J. 

“ 0, 

<( 

“ “ (3) 

Promycelia 

Bunola, l*onn. 

May 10, 

1920 

Cultivated blackberry 

it 

Bethlehem, Penn. 

Juno 8, 

1922 

Wild blackberry (10) 

(t 

Bethlehem, Penn. 

“ 8, 

(f 

“ “ (5) 

Germ tubes 

Bethl<‘hom, 3’onn, 

“ 8, 

« i 

B. oceddentoixs (4) 

ft ft 

Bothlehom, Penn. 

Bell, Maryland 

“ 8, 

ft 

Wild dewberry (2) 

Promycelia 

May 15, 

t( 

Dewberry X blackberry 

ft 

(Holly Hill, nn.) 





Boll, Md. 

ti 

Ward blackberry 

(( 

BoU, Md. 

a c 


Mammoth dewl^rry 

fC 

Bell, M<1. 

“ ir>, 

li 

(seedling) 

B, Uiterhizana 

Promycelia 

Loon, Md. 

“ 24, 

ti 

Wild blackberry (2) 

Germ tubes 

Loon, Md. 

" 24, 

ft 

B. eun^fokus 

Promycelia 

I^eon, Md. 

" 27, 

tl 

Wild blackberry (31) 

Germ tubes 

Leon, Md. 

“ 27, 

ft 

“ “ (29) 1 

Promycelia 

Forestvillo, Md. 

“ 27, 

ft 

“ “ (4) 

Germ tubes 

Forostvillo, Md, 

“ 27, 

(i 

“ “ (10) 

Promycelia 

Forostville, Md. 

“ 81, 

(( 

» “ ( 1) 

Germ tubes 

(greonhouse plant) 





Forestvillo, Md. 
(greenhouse plants) 

“ 31, 

a 

». « ( 7) 

Promyoolia 
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TABLE 1 {f^ontinued). 


Place of collection 

Time of collection 

Host 

Manner of 
germination 

Pasadena, Md. 

May 24, 

1922 

i?. hi-ijndm 

Proinycolia 

Pasadena, Md. 

“ 24, 

It 

R. cuticifdius 

tt 

Woodward, Md. 

" 30, 

tt 

Wddblackbeuy ( r,) 

tt 

Fort Myer, Va. 

April , 

It 

Cultivated blackberry 

Gciin tubes 

Arlington, Va. 

April , 

it 

Loganberry 

Proinycolia 

Bedford, Va. 

July 2, 

(t 

Wild blackberry ( 2) 


(3850 ft.) 

Vienna, Va. 

May 30, 

1921 

Wild blackberry ( 2) 

tt 

Vienna, Va. 

“ 10, 

it 

R. occidentuMs (4) 

Genn tubes 

Prospect Ilill, Va. 

“ 22, 

it 

R. cuneifohtts ( 5) 

Promycclia 

Prospect Hill, Va. 

“ 22, 

it 

Wild dewberry ( 3) 

Promycelia 

Old Fort, N. C. 

April 25, 

1922 

R. canadensis X R- 

Genn tubes 

(1650 ft. alt.) 
Ridgecrest, N. C. 

“ 26, 

t( 

nigrobaccus 

R. nigrobaccus (?) 

Germ tubes 

Ridgecrest, N. C. 

“ 26, 

it 

R. nigrobaccus (?) (30) 

Promy<*clia 

Ridgecrest, N. C. 

May 17, 

a 

R. nigrobaccus (?) ( 6) 

Germ tubes 

Ridgecrest, N. C. 

“ 17, 
April 24, 

ti 

R. nigrobaccus (?) 

Promycclia 

Salisbury, N. C. 

1922 

Wild black raspberry (2) 

Gonn tubes 

Salisbury, N. C. 

“ 24, 

(t 

Wild blackberry (20) 

Ih^mycclia 

Old Fort, N. C. 

“ 26, 

ti 

Wild blackberry (many) 

U 

Winston-Salem, N C. 

“ 20, 

tf 

Wild blackberry and 

(t 

Winston-Salem, N. C. 

“ 21, 

1 

it 

dewberry (24) 

R. ocddentalia ( 3) 

Germ tubes 

Bethania, N. C. 

“ 23, 

It 

R. argutus (10) 

Promycclia 

Pilot Knob, N. C. 

“ 23, 

tt 

Wild blackberry (6) 

tt 

Pilot Knob, N. C. 

“ 23, 

it 

Wild dowbcrry( 4) 

tt 

Winston-Salem, N. C. 

" 22, 

tt 

R. Enslenii (10 

it 

Winston-Salem, N. C. 

“ 22, 

tt 

R. ttivialis ( 3) 

it 

Cameron, N. C. 

“ 17, 

a 

Wild blackberry (11) 

tt 

Charleston, S. C. 

Mar. 21, 

tt 

Cultivated bladcborry 

tt 

Lotte, Fla, 

Feb. 20, 

1921 

tt it 

ti 

Oklee, Minn. 

Jime 23, 

1922 

Cultivated blackberry 

tt 

South Haven, Mioh. 

“ 22, 

<< 

R. oceidentalis 

Genn tubes 

Rockford, lU. 

“ 17, 

1 

Cultivated blackberry 

Promycclia 

Dover, 0. 

“ 19, 

tt 

Wild blackberry 

ti 

Dover, 0. 

“ 19, 

tt 

Eldorado blackberry (2) 

Genu tubes 

Dover, 0. 

“ 19, 

tt 

E. aUeghanionais 

Prom^ceUa 

Dover, 0. 

“ 19, 

tt 

Meroereau? blackberry 

St. Louis, Mo. 

May 27, 

tt 

Cultivated blackberry 

it 

Fort Worth, Tmeas. 

April. 2, 

1921 

Cultivated blackberry 

tt 


Considerable uncertainty exists regarding the particular species of 
Rubus upon which Schweinitz first found what he called Aectdium 
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niteus. III his firhl publislunl doRcriplion of the rust (10) he cites Rvhus 
as ih(‘ hoM, and il is so oiled in liis first manuseript. In his 
laler pulilicalion ('ll) he simiily states that the rust is found on Rvhus. 

Arthur (I, p. 50*1) (h'seribesthe new genus Kunkclia,citing8chweinitz*s 
SaU'in oolh'etion as the type (Cf. Arth. <fe Bisby, 1918. p. 230). In the 
former piiper Artiiur makes the new combination as follows:— ‘‘Kunkelia 
niicns (Sehwein.), comb. nov.— Aecidivm nifens Schwein. Schrift. Nat. 
Gesc'll. Tjei])big I: Ot) 1822 (tyi)o on Ruhits ‘sii'igosm^ error for R. Enslenii, 
Saknn, N. (1.),” ri’lie (ILscussion of their studies of the collections of the 
orange-rubt in tlu' Sehweinitz Herbarium at the Philadelphia Academy 
'by Arthur and Bisby (2) is not altogether clear. Schweimtz cites B. 
.s/r/f/oM/.s as the* liost in his Jint published account instead of the last, 
and the long-cycled rust has certainly been reported several times 
since 1822 on Ji. strigotius. It would be indeed a very small matter on 
just what particular species of liubus Schweinilz first found Aeddium 
nUcNH if th(‘ro were only one orange-rust on Itubus or oven only one at 
Salem, N, 0. But if both long- and short-cycled forms arc today found 
at Salem, N. C., and much farther south, it is a question whether Schwei- 
nitz may not aftc'r all have first found the long-cycled form, not on the 
red rasplx’rry Ruhvs strlgosus, but on the black raspberry, B. occidentalism 
which today can bo found there infected with the Gymnoconia. 

Arthur and Bisby (2) state (hat the orange rust in the Schweinitz 
Herbarium at Philadelphia is represented by five leaves in a mounted 
t>ack('( and by many leaves and leaflets in the original packet, which is 
labeled inside “Aiscidium uitena in llubo villoso Salem Bothl Neujork.” 
Thos(‘ authors static that it was the custom of Schweinitz to preserve 
but th(‘ one original colh'ction to represent each species. “It is quite 
eviilenl from its appc'araiice that the ample material of the present 
Hp(‘ci(‘H was all gathered at one time mid that it is all, or nearly all, from 
oiu‘ plant as it is very imiforni. i part of the material has been seen by 
Dr. I*. A. Uydlx'rg . . . and he states that the host cannot possibly bo 
li. slrifjims, but that it; may bo It. pTocmnhQm Muhl., or more likely, its 
Houth(‘rn n'presentative B, Ensknii Walt., both of which usually passed 
under the name ‘/f. villosus, a century ago.” 

Through the kidness of Afr, Hugone A. Rau of Bethlehem, Penn., Dr. 
Shear and tho writer wore able to examine an unpublished manuscript 
of Schweinitz onlitlod “Flora Salomitana sistens Plantas et Vegotabilia 
omnia hue usque in agro Salemitano Carolinae Septentrionalis observata 
Radio triginta milUum ox Carolinae Septentrional Comitatibus Stokes, 
Surry, Guilford, Rookingliam Et Rowan. Aulore L. D. v. Schweinitz 
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1821 April! fine. In margino additas envonics Plautas quas cx Bctli- 
lehem Pennsylvania loco uatali observatuni. ” The following extract 
may serve Lo clear up some of the imcertainty as to fcjchweiuit;! ’s know¬ 
ledge of species of Ruhiis. 

Page 72 271 

common 738 

common 739 

common 740 

rare 741 

not rare 742 
hispidus Easton 

odoratus Easton, Bethl. Lehigh Mts. 
strigosns, Blue Mts, 
exmefoUus, Hope (N. J.) 

This list indicates clearly that Schweinitz did not use the name villoms 
to include the dewberry as suggested by Rydberg in the above quotation. 
The specimen in the Schweinitz Herbarium at Philadelphia labeled li. 
viUosus is a true blackberry and has been labeled i2. allegheniensis by 
Blanchard and has been placed in the cover with R. argutm. 

Dr. Shear, who is familiar with the work of Schweinitz and his methods, 
has also examined the collections of orange rust in the Schweinitz 
Herbarium at Philadelphia, and has furnished the following memoran¬ 
dum which throws more light on the question of the type of AccAdiam 
nitens. 

“Schweinitz probably used the name Ruhm atrigosmioT the host upon 
which his first specimens of the orange rust were collooted on acoount of 
a misunderstanding of the application of this name which had only a 
short time before (8, p. 206) been published by Michaux. A list of the 
botanical works in Schweinitz’s library recently obtained by the writer 
through the kindness of Mr. Eugene A. Rau of Bethlehem, Pennsylvania, 
shows that this was one of the books that he used and the one from 
which he probably derived this name and the description. In the interval 
between 1817, when Schweinitz finished the manuscript of his Fungi of 
North Carolina, and 1821, when he prepared the above list of Rubi, ho 
apparently discovered that he had applied the name atrigosus erroneously 
to plants growing about Salem and therefore abandoned it as it does 
not occur in this li^. Whether in this case, which is the only one ■we 


Eubus (Salem) 

1. ocoidontails 

our coumion raspberry. 

2. villosus 

this appears to suit best our 
common blackberry. 

3. trivialis 

tho common dowborry. 

4. llagcllaris 

raror v. c. at Quaker. 

5. obovalis 

at tho double branches 
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cull find wIk'I'c ho lifted fhis name for spccimons of Hubus from North 
(Carolina, eillu'r us (hi‘ host of a fungus or as a member of the flora, he 
ai)])lied it to Hiifxts occideniaUn or to li. villoftiis of the. older authors 
cannot ixu’huiis b(‘ di'lermini'd with certainty at preftent, as part at least of 
his original siK'oiinen of Aecidiuni nitens was sent to Schwaegrischen 
with his luuuuHoript in 1817, and if extant its present location is un¬ 
known. In any ease it is not at all probable that the original host was 
K. as this species does not occur about Salem now and probably 

neviu* did. It seems much more hkely that Schweinitz appHod the name 
erroneously to R. occidentalia rather than R. villoms or R. procunibens 
as Michaux’s britd description states that the leaves of stngosus are 
white tomentose underneath and this would not apply to any of the 
blackberries or dewberries known to occur in Salem or vicinity. 

An I'xamination of such of Schweinitz’s specimens of the rust as are 
available appeal’s to throw some light on this question. While it does 
not seem possible for a Rubus expert to tell with much certainty the 
species of llubus to which a leaf completely covered with aecia of the 
orange-rust belongs, yet it is perfectly practicable after considerable 
study and comparison of rusted leaves in the field to tell whether any 
particular specimen came from a raspberry as compared with a black¬ 
berry or dewberry. Rusted raspberry leaves arc a different color and 
texture from rusted blackberry or dewberry leaves. The rusted rasp¬ 
berry leaves arc thiimer, more fragile and paler green color than the 
others. 

Soliwt'initz's mycological collections when transferred to the Phila¬ 
delphia Academy of Natural Science were preserved in small paper 
packets which were placeil in large packets and tied in quarto board 
coverH. ljat(‘r> in 1854-1867 Miohener removed, in some cases part and 
in some cas(!s all, of the spi'oimons from the original packets and glued 
them to squares of paper and mounted these in folio volumes. In the 
case of Aectdnm nitmii only a part of the material in Schweinitz's 
original packet was removed and mounted by Miohener. The original 
packet bears the following data in Schweinitz^s hand-writing: 

^'Aocidium mtens 
in Eubo villoeo 
Salem Bethl. Nou York.” 

'‘There is evidence hero, as in many other cases of Schweinitz's 
specimens which we have examined, that one of the leaves had originally 
been glued to the sheet in whioli the rusted leaves are now wrapped. As 
has already been pointed out (ItJndothia Parasitica and Related Species, 
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Bulletin 380, TJ. S. D, A., page 7, 1917) the evidence hliows that Hchweiii- 
itz at one time mounted liis specimens of fungi by gluing (hem to slnsds of 
paper and writing the labels on the sheets beneath (he sp(‘eiiu('ns. 
Later he changed his plan, removed the glued specimens from the shetdH, 
cut up the paper on which a specimen had been mounted, folded it iu(o a 
packet and placed the original specimen inside; and in many cases at 
least also added later other specimens from the same or different localities. 
On this particular packet, apparently later and with different ink, was 
written Ca&oma luminatum, the name which he used in his later publi¬ 
cation in 1832. In the original packet, as well as the mounted speeimen, 
there are leaflets of two quite different species, one of them poss<*sHing the 
characters of rusted R. occidc7itaUs loaves and the other clearly belonging 
to the blackberry-dewberry type. A leaf of the occide7italisi typo seems to 
be the one which was originally glued to the herbarium sheet, and if 
we were justified in assuming that this is a part of the type or the same 
gathering as that Schweiiiitz sent Schwaegrischen with the manuscript 
of his Syn. Fun. Car. Sup. there would be strong reason for bf*li(‘ving 
that the type of the orange-rust was on R. occidentalis and, as at present 
wo have found only the long-cycled rust on this host, it might be con¬ 
cluded that Schweinitz’s name should bo applied to the long-cyclod 
rust. As, however, the evidence is not entirely conclusive, it is probably 
better to follow the precedent established by Arthur and apply 
Schweinitz’s name to the short cycled rust.'' 

In the case of rust collected on Rvbus in April, 1922, at Salem, N. C., 
it was possible in several instances to obtain specimens of only partially 
rusted plants or of infected plants which were root sprouts from thosfe 
free from rust and then in blossom. Wo are indebted to Dr. P, A. 
Rydberg for identifying the hosts as far as possible. It appears that 
today the Gymnoconia occurs on R, occidcntalis at Salem, and that the 
Kunkelia is to be found there on R. arguPtm, R. Jloridm, R. Royntmit R, 
triviaUa and R, Enslmii, We have no spccimons of rust on Salem plants 
identified by Dr. Rydberg as R, frondosuSt R. betuUfolktSy and ft. Bailey’- 
aims. The rust is more common on blackberries than on dowborries. 
If the rust on the black raspberry is always long-cyclod as Kunkel found 
it to be in the vicinity of Washington, D. C., the distribution of the 
Gymnoconia probably coincides with the range of the host, ft. ocddenialis. 

There is still much to be desired in the way of knowledge regarding the 
distribution of these rusts. Careful germination tests must bo made in 
every case as there is no known constant morphological character by 
which the rusts can be distinguished. It would be ospeoially instructive 
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1o dcU'riuiiM' just how far north in the New England States the Kunkelia 
grows. Eurtlau’ iiivc'stigation of the rust on the cultivated black rasp- 
Ix'rrics west of Ihe Mississippi should be made, as the Gymnoconia is 
more likely to be found on this host. 

As otu' i ravels from Florida through the coast states to Maine, he is 
struck by th(' change from one orange rust to the other, the short-cycled 
clearly predominating in tiic South and the long-cycled in the North. 
In strong (‘onlrivsl, hoAvever, in the states along the western bank of the 
Mississippi, from T(‘xas to C^anada, the short-cycled, according to Arthur, 
alone occurs. 

Many specimens of orange rust have been gathered in the White 
Mount aius of Now Flngland during the latter part of June and the first 
week in July. Wo wore therefore much surprised to find on July 10, 
1922. that, the accial stage had almost entirely disappeared at Wells, 
Maino, and at Bartlett, New Hampshire. Specimens obtained showed 
grcH'ii leaves eov(‘re(l with maturing spormogonia interspersed with 
t('lia. ’’riu'rc' wer(‘ no signs of accial scars on those leaves but such 
sears could generally be found on some of the fallen leaves at the base 
of inf('<*l('d plants. Did telia follow spermogonia so quickly on infected 
l{‘aves as to (‘iitircdy prevent the formation of aecia? It is presumed 
Hint such telia rc'sulted from infection by aociospores, but should coll 
fusions som(‘tim{‘H occur jukI these result in the development of telia we 
fan hce how a short-cycled Puecinia might arise. 

What are the facts regarding the Gymnoconia on R. strigosus or 
Kunkelia on R. ocddentalia'f In view of the number of species of Rubus 
known to be susceptible to attack by both rusts we should expect that 
R, occidental in would harbor the Kunkelia as sometimes reported. 
If Kunkfdia does occur on this host, it must be only occasionally, as 
('very (‘olhuitiou, so far tested by tho writer, has turned out to bo the 
Gyninocouia. Theses rusts attack plants with all degrees of severity, 
froqiu'utly tlio second yt'ar tho plants are so completely transformed that 
it is almost. irapossi])l(i to toll one infected species of blackberry or dew¬ 
berry from anoth(sr. Tliis being tho case, tho specific names assigned 
to the hosts in no small percentage of herbarium specimens should not 
be considort'd as altogether final, especially where the collector simply 
endeavors fco assign as nearly as possible a specific name to the host as 
the result of a general demand for such a name on the label, 

Tho host is frequently given as R. strigosus in herbarium specimens 
-of th(‘sc rusts wht'n it is clear that tho host is a blackberry. There are 
seven packets of ormig<*-rust in the Pathological Collections of tho United 
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States Department of Agriculture, labeled to indicate that tho host is 
U. strigosus. In every case except one the host is not a red ra.si)bcrry. 
Nos. 277, 278, Ellis, N. Am. Fungi, arc among this list. In No. 1014, 
Herbarium H. S. Jackson, the host which hero bears only the telial 
stage is certainly either R. strigosus or R. 7ieglcctus, which is now recog¬ 
nized as a hybrid, the parents being R. occidentalis and R. strigosus. 
Specimens sent to the writer also proved that Rubu.s hosts are often 
confused. Where the host has been identified as red raspberiy by the 
collector it is usually a blackberry. 
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A BAC'TKKIAL DIBEASE OF BROME-GRASS 


CnAniJcs S. Rbddt and Jambs Godkin^ 

With Piatbs I and II 
IlSrTRODtrCTION 

111 1916, ProfofeRor L. R. Waldron, of the North Dakota Agricultural 
Experiment Blation, called the attention of the senior author, then 
stationed at that place, to an apparently new disease of brome-grass 
(Bronius inerims Leyss.). The symptoms suggested that it was caused 
by bacteria, and subsequent isolations tended to confirm this. No 
fungi were found, and bacteria wore readily isolated by methods herein 
described. On account of pressure of other duties, no inoculations 
were tried at that time. In the faU of 1919, the authors took up the 
problem. The investigations, extending over a period of throe years, 
have been conducted at the University ot Wisconsin and at Bloomington, 
Illinois. Numerous isolations and spray inoculations in the greenhouse 
have proved that the disease is caused by a colorless bacterium patho¬ 
genic to bromo grass. 

DESCRIPTION 

In the early stages the disease appears on the leaves of Bromus in&rmis 
as light olive green, circular to elliptical water-soaked areas with light 
brown centers. l4it(‘r the spots become dark chocolate or purplish 
brown and app(‘ar almost black. Old spots are usually linear, often 
coalescing to d<‘stroy the entire loaf surface of the infeoted plants. In 
early stages the spots are characterized by faded green to yellowish- 
green halos, which become more definite in the older spots. 

In severely attacked plants, the upper nodes sometimes are killed 
by secondary infections of the organism. In these plants the panicles 
wither and die, producing symptoms similar to frost injury. 

The seed may become infected by coining into contact with lesions on 
the upp(‘r leaves at the time the panicle emerges from the boot, or later 
the panicle may bo blown by the winds so as to come into contact with 
loaf lesions. Also, splashing rains cause the disease to spread to the 
heads, as w(‘Il as to other parts of the plant, 

* These invosUg^xlions were conducted at the tJniverrity of Wisoondn during 1919, 
1020, and 1921 under the direction of Professor L. R. Jones. 
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OCCUIiRENCB AND HOST BAN(4B 

Each year from 1917 to 1921, the cliscaBo has l)eeu eollccto<l in the 
vicinity of Fargo, North Dakota, on liromns inertniis. In April, 1021, 
the disease, exhibiting its characteristic symptoms, was found on Ji. 
inermis at Madison, Wisconsin. In 1915, the senior author collected a 
bacterial disease on quack grass {Agropyron repernt (L.) Beauv.) which 
exhibited symptoms similar to the brome-grass disease. A second 
collection on quack grass was made in company with A. G. Joluison in 
the fall of 1919 from which a colorless bacterium was isolated and proved 
pathogenic on B, inermia. As stated later, the brome-grass organism 
was found to. bo pathogenic on quack grass. Although no exhaustive 
comparison has been made between the two organisms, it is probalde 
that they are identical. A spot on yellow foxtail is very common in the 
vicinity of Bloomington, Illinois. Since a bacterial disease had been 
reported previously on this host by Eosen (4), isolations were attempted. 
No bacterium could be found associated with these lesions, and later, 
inoculations with the brome-grass organism on yellow foxtail gave 
negative results. Natural infections on other hosts have not been ob¬ 
served although artificial inoculations have materially increased the 
host range. 

ISOLATION OF THE ORGANISM 

The blackened areas of the lesions were found to contain the bacteria 
in large numbers. The method most commonly used in making isola¬ 
tions was first to wash an infected leaf in clean, running wat('r and then 
to out pieces, about the size of the head of a pin, from the blackeiw'd 
areas of the lesions, Each of these pieces then was placed in a drop of 
sterile water previously placed in the coiit(‘r of a sterile petri dish by 
means of a flamed 4-mm. platinum loop. The iksue pieces w(*re tlum 
mashed with a sterile instrument. When thinly seeded plates were 
desired, a small loop from each of the drops containing mashed tissuo 
was transferred to each of another set of sterile pcfcri dishes. Plain 
nutrient- or potato-dextrose agar then was poured into each of tlK‘se 
in the usual maimer and the dishes tipped back and forth in iho usual 
way to distribute the bacteria uniformly. Colonies appeared in 36 to 
48 hours and within three days after plating, streaks from single colonies 
were made on agar slants. 

Isolations were made from both fresh and dried material. Isolations, 
from which the first artificial infections were obtained, wore made from 
herbarium material, six months old, collected by the senior author 
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whil(‘ at llu‘ North Dakota Agricultural Exporimont Station. Sub- 
.s(‘qut‘nt isolaiiouH of t,h(i bromc-graHs organism have boon made from 
this mat<Tial up to 33 iiionths after collection. 

INOCULATION EXPERIMENTS 
Oil Bromus inormia 

"Fho pathog(‘iucity of each iaolation was determined by inoculating 
Bromus inermis. At first 2 methods were used, wounding and spraying. 
The latter niothod gave more typical results,hence it alone was used in 
most of the later ('xperiinents. This method was essentially as follows: 
Sterile water wa.s poured into tubes containing 2 - to 5-day old agar 
streak cultures of th<‘ organism, and the bacterial growth was then 
alloW(‘(l to diffuse into it. This suspension of the organism was applied 
by means of atomizers to the plants of various ages grown in pots. 
I’liese w(‘re placed in dump chambers or covered with shaded bell jars 
for about 48 hours. The (uids of tJio first leaves are very susceptible 
to infection and in 2 to 4 days turn black and wither. The more typical 
lesions app(‘ar in from 8 to 9 days on any parts of tho leaves as small 
wat(T-soak<>d inh'ction points (*ach with tho indication of a halo about it. 
The water-soaki'd spots enlarge, gradually become darker until they 
ar(‘ purplish black, and the halo, although usually not extending itself 
very far, becomes mor(‘ distinct. 

Gu Other Bpooies of Bromus 

4 V iiumb(*r of species of Bromus were grown in 4-iiich pots in the green- 
hous(' and, by means of atomizers, were inoculated without wounding 
when the t)lau(s were' aliout 4 inches high. Botli tho bromc-graas 
organism and the halo-bliglit organism (Bactorhm caronafaciens Elliott) 
from oats witc used. 'Fhe n‘suUs are presented in table 1 . Tho plants 
in two pots of <‘aeh Hp(‘ei(‘s hold as controls remained free of the disease. 
Tlu‘ degree' of inff'otiou for <'aoh species in each exiierimciit is indicated 
in the table as follows; 0 » no infection; 1 « slight infection; 2 « moder¬ 
ate infection; 3 » Iieavy inh'ction. 

All tlm spech's of Bromus inoculated were more or loss susceptible 
to infection by the broine-grass organism. The resulting lesions in all 
t'tises, except on the five species noted below, were similar to those 
previously described for Bromus inermis. On Bromus brisaeformis Eisch. 
and Mey., Bromus japoniem Thunb., Bromus molliformis Lloyd, 
Bromus tectarum L., and Bromus tectorum nudus Klott and Richter, tho 
centers of infection did not become black but were small, sunken, and 
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light gray with somewhat larger halos, resembling to a marked degree 
the halo-blight of oats. Of the species of Bromus inoculated with 
Bacterium coronafadens, lesions dcveloix'd on Bromus carinatus Hook, and 
Am. only. These were typical “halo-blight” lesions with dead centers 
and large halos. 

TABLE 1 


RestiUs ofinoculaMons of species of Bromus wUli the brome-^ass organism and Bacterium 

coronafadms 


Host 

Bromo-grass organism 

Bactenum 

coronafadens 

Expt. 
No. 1 

Expt. 
No. 2 

Expt. 
No. 3 

Expt. 

No. 4 

B. arenarius Labill. 

1 



0 

B. hrizaeformis Fisch. and Mey . 

2 



0 

B. carinatus Hook, and Arn. 

2 

1 

1 

1 

B, caiinatus linearis Shear... 

2 



0 

jB. commviatus Schrad. 

1 



0 

B, erectus Huds... 

2 



0 

B. hordeaceus L. 

2 



0 

B. hordeaceus L. (Madison).. 

2 


2 

i 

B. inermis Leyas. (Arlington). 

1 



0 

B. inermis Leyss. (Madison)... 

3 

3 

3 

0 

B. japonicus Thunb. 

■■ 

1 


0 

B. lanuginoeus Porr... .< 

■■ 



0 

B. Tnarginatus Nees. 

■■ 



0 

B, moUiformis Lloyd. 

mm 



0 

B. moUis L. 




0 

B. pratensis Lam. 

2 



0 

B, riohardsonii Link. 

8 

3 


0 

B. ridms L..... 

2 



0 

B. secalinus L. 

2 



0 

JB. seccMnus L. (Madison). 

2 

2 

2 


B. sitck&ms Bongard. 

1 



0 

B. sterUis L. 

2 



0 

B. tectorum L....... 

2 



0 

B. tectorum L. (Madison)... 

2 

2 

2 


tectorum nudus Klett and Bioht. 

1 



0 

JB. unioloidea (WiUd.) H. B, K. 

3 

3 


0 

JB. oiRosuB Forsk. 

2 



0 


On Other Grasses 

In six series of artificial inoculations made in the usual way the patho¬ 
genicity of the brome grass organism was tested on the common cereals 
and certain grasses. In each series brome-grass (Bromus inermis) be- 
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<*a,ni(‘ Diodoratoly to luvivily liifoctcd, quack grass {Agropyron repens) 
])('caiii(‘ slightly lo niodcratf'ly infected, and in two series oats became 
sligliily iiif(‘ct('d. In all Ihc series tho results wore negative on wheat 
{2'i'iiiciim aestivvm, Ld, barley {Ilordeum vulgare L.), rye {l^ecale cereale 
Tj.), bluegrass (J*oa pratensis L.), red top (Agrostis palustris IIucls.). 
orchard gra,ss (DactijUs glomerata L.), corn (Zea mays L.), timothy 
{Phlvum prat€7},sc L.), yellow foxtail {Chaetochloa lutescens [Weigel] 
StuntTi), and barnyard grass (ICchinochloa crus-galU [L.] Bcauv.). In 
all, Bromus ineriiiis ha^ b('cn inoculated approximately 24 different 
times and always with positive results, and the organism rcisolated 
repeatedly. 

In addition to the experiments rofc'rred to above, several parallel 
cross inoculations were made on bromc-grass and oats, using both the 
bromc-grass organism and tho halo blight (Bacterium cormafaciens) 
from oats. Both organisms infected oats, but the lesions wore not 
id('nl ical. Thos(' caused by the bromc-grass organism had a more water- 
soaked appearancA' and narrower halos than those caused by B. corma- 
facuns. Bacterium coronafaciens failed to infect brome-grass in these 
ino(nilaiion cx])(*riments, while, at the same time, good infections were 
secur('d with th(‘ bromc-grass organism. As will be seen later, it is 
mainly on the basis of tlu'se cross inoculation experiments that the 
authors have fedt jmstitied in considering the bromc-grass organism a 
vari(‘ty of ft. coronafaciem rather than identical with it. 

OTTL'l'linATj OHAWACTEBS OV THE OBGANISM 

‘‘riuH organism reseml^les Bacterium coronafaciens (3) except for minor 
diff(‘renc(‘s. Hence, it seems necessary to compare thorn in only a few 
peutinent i)oints and to present any additional studios made upon the 
l)rome-graHK organism. 

Bacterium coroiiafaciotis l^llUott Brome-grass organism 

from oats 

1. Average size 0.06 by 2.3 g when stained 1. Average size 0.72 by 1.92 gwhenstained 
with Ribbert’s eapsule stain, gentian by aqueous genhan violet. 

violet, and earbul fuohsiTi. 

2. Thermal death point 47® to 48" C. 2. Thermal death point 60" to 61® C. 

Growth at 0" C. No growth at 0" 0. 

3. Killed by desiccation on cover glosses 3. Remained alive in dried condition on 

within 24 hours. cover glasses up to 198 hours. 

4. Facultative anaerobe—growth in closed 4. Strict aerobe, 
arms of tubes containing saccharose, 

glycerine, maunit, lovuloae, and dex¬ 
trose. 
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Bactcnum coionojncicns lOlIioti Broiiio grass oignnihU) 

fiom oats 

6. Good growlh m 0.1 per ooul ciliic, tar- />. No growth in 0 1 por coul oiliic, I u- 
tiirio, and inalic acid. taric, and jnalus acid. 

6. No clouding in neutral bccl-poptonc 0. (Clouding in neutral boof-pojitono houil- 
bouillon containing more than 2 per lou up to and inchuling 7 per ccnl 
cent sodium chloiid. .sorliiun chloiid. 

Excluding infection experiments, the above htntcmenls present the 
differences in the morphology and physiology of (he brome-grass or¬ 
ganism compared with the morphologic and physiologic charaoteris1i(‘s 
of Bacterium cotonafacien^ as given by Miss Elliolt. 

Realizing that those differences might he due to one or more of a 
number of factors, a culture of the oat organism was obtained from 
Miss Elliott and some of the experiments hitherto showing unlikt'iiess 
of the two were repeated using both organisms side by side. 

When the bacteria from 24-hour old cultures on plain nutrient agar 
were stained with aqueous gentian violet, the bromo-grass organism 
averaged 0.72 by 1.92 p,, and the oats organism averaged 0.09 by 1.95 p.. 
The brome-grass organism from 7-hour old cultures on the same medium 
averaged 0.81 by 2.25 p. All of those averages are measurements of 
100 organisms in each case. Taldng mlo consideration the possible* 
variations in size, the two organisms can be considered idcniieal mor¬ 
phologically. 

Since it has been shown by Wolf and Foster (6) that, with plant 
parasites, variation in the reaction of the bouillon may cause the thermal 
death point to vary as much as 4° to 6® Cb, and since it is likely that, 
other factors have as much effect, it was thought unnecessary to repeat, 
the thermal death pomt experiment because the thermal death points 
already checked witliin 3 degrees. 

Desiccation on cover glasses wa.s not considered an important point, 
of difference. The experiment was porlormed twice, using the bronu*- 
grasB organism and growth occurred up to 175, and 198 hours respectively. 

Growth occurred in shake cultures of plain nutrient agar at or near 
the surface only. No growth occurred in the lower end of stab cultures 
of plain nutrient agar or gelatin. No growth occurred in Roux anaerobic 
tubes filled witli inoculated melted agar except at the ends of a few in 
which the agar did not completely fill the tubes. No mcrea,so in growth 
occurred in cultures placed in Novy anaerobic jars. At first growth 
was not consistent in the closed arm of formeulation tubes containing 
the various carbon compounds which was doubtless due to daily oxammu- 
tion which necessitated handling the tubes. In tliis process a small 
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nniomit of tlu* copious {growth in the open arm was probably transferred 
to ilu' closed arm and upon distribution gave the closed arm the appear- 
jincr* of being slightly douch'd. When both organisms were used in a 
comph'ic' fernu'utation ('xi)erimcnfc and half of each set was left undis- 
turbc'd for 17 days* ihcre was no gi’owth in the closed arms of the un¬ 
disturbed tube's. This was true in the case of those inoculated with 
Bacterium coroHafacienff as well as in the case of those inoculated with 
the broino-grass organism. In the tubes that were handled each day, 
pari of them showi'd clouding in the closed arms. These results indicate 
that, iilthough tlu' (wo organisms are identical in tliia characteristic, 
tlu'y art' obligate' .aerobes rather than facultative anaerobes. 

Bolli organi'’nis Avert' grown in bouillon (pH = 6.8) containing various 
p('rce)itages of sodium t'hlorid up to 8. Both organisms clouded bouillon 
up to and including that eontainiug 7 per cent sodium chlorid. 

TKt'lINieAL DBSCniPTlON 

Bacterium coronafaciens Klliott var. atropurpureum n. var. 

Va ri(‘t y agn'Cb a\ it h 1 lu* species in morphological and cultural characters. 
Difft'rs iij ai)peari(n('(‘ of lesions and host range. Lesions on typo host, 
Bromim iaermi.'^^ have moderately developed to no halos, and oval to 
linear, purplish black (senters 1 to 5 mm. in diameter. Artificial inocu- 
latioiiH of Arena mfiva prodin'c similar lesions except that the centers are 
trauhlue(‘ut not dark. In eontiust, lesions on oats caused by Bacterium 
coronafaciena hav(' small, brown, dead centers surrounded by large halos. 
Hosts are liromnK inermi.% liromm carhiatvdy numerous other species of 
IkoinuH, oats, and rpiaek grass {Aqroypron repenn). In contrast the 
hosts of Barteriam earmiaJacienH are oats, Jiromm carinalm, wheat, 
rye, and barley. 

Habitat. North Dakota ujid Wisconsin. 

ADUlTlONAIi K,N.PKH1MKNTB ON TIIM lUlYSlOLOOY OV TUB 

OnOANWM 

It is thought probable that, with two bacterial organisms which are 
almost alilio exc^'pt as to iufectivity, extended physiological experiments 
would show disliuet difiert'iices, if carried far enough, especially along 
cultural Ihu's. With this in view, the following investigations were 
oonduetc'd with Bacterium coronafacicne and B. coronafaciens var. 
atropurpureum. Although no further definite differences wore dis- 
covt'red, c'ertaiu udditioual data on the two organisms were obtamo<l. 
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Indicator Media 

Saccharine media containing mixtures of hrom crosol purple and 
cresol red were prepared according to recommendations in the “Peport 
of the Committee on Descriptive Chart” (2). Might agar slants of each 
medium were inoculated with the bromo-grass organism and eight of 
each with Bacterium coronafaciens. Both organisms changed the color 
to the same degree in the same length of time in each medium. Acid 
reaction was produced hi the media contahiing d(‘xtrose, or saccharose 
as carbon compounds. Alkaline reaction was produced in those media 
containing lactose, maltose, mannit, or glycerine. Controls were un¬ 
changed. 

Fermentation Tulies 

One per cent peptone water (Dunham’s solution) with 2 per cent 
respectively of dextrose, saccharose, maltose, lactose, mannit, and 
glycerine were used to make up the carbon compounds. Nitrate bouillon 
and milk also were used. Good growth was obtained in the open arm of 
afi tubes by inoculation with the brome-grass organism. At the end of 
30 days no gas was produced and no growth occurred in the closed arms. 
Table 2 shows the Fuller scale and pH readings taken during the course 
of the experiment. 


TABLE 2 


Reaettone of different media before and foUowing inoetda ion with Bacterium corona¬ 
faciens var, atropurpurmm 


Media 

Reaction before 

Reactions following inoculation 

i inoculation 

20 days 

30 days 

50 days 

Dextrose 

(Fuller’s scale » +0.6 
(pH values =a 0.6 

+16 0 
4.0 

+18.0 

4.4 

-— 

Saccharose 

(Fuller’s scale » +6.0 

+16.6 

+16.0 

+17.6 


(pH values « 6.6 

6.0 

4.9 

4.9 

Maltose 

(Ftiller’s scale « +7.6 

+ 6.0 

+ 3.6 

+ 3.0 


(pH values » 6.8 

8.2 

8.4 

8.6 

Lactose 

(Fuller’s scale ** +4.0 
(pH values *= 6.6 

+ 3,0 
8.4 

+ 1.0 
8.4 


Maimit 

(Fuller’s scale » +4.0 
(pH values — 7,0 

+10.0 

8.2 

+ 3.0 
8.4 

— 
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TABLE 2~Vonihimd 


Modin 


Roaetjons following inoculation 

inoculation 


20 days. 

30 days 

60 da3rB 

Glycorino 

(Fuller’& bcale = 
(pll values = 

+10 5 
6.0 

+ 6.0 

6 6 

+ 35 
7.0 

+ 3.0 
8.4 

Milk 

(Fuller’s scale = 
(pll values = 

+ 9 0 ! 
0 7 

+ 6.6 
7.39 

+ 7.0 
7.65 

+13.0 

7.2 

Nitrate bouillon 

(P’ulk'r’s scale = 
(pH values — 

+10.0 

7.0 

+ 50 

8 2 

+ 3.0 

8 5 



Kccluction of Nitrates 

As the orftaDihiiis produced ammonia, probably from peptone, when 
grown in bouillon, no final concbisions could be reached from the first 
experiments in which orilinary nitrate bouillon was used. The organisms 
wore then grown in a synthetic medium containing small quantities of 
phosphate, calcium, chlorine, etc., with KNOi as a source of nitrogen 
and sucrose as a s()urce of carbon ( 2 ). (rood growth on this medium, 
was obtained. TestvS with sulphanilic reagent for nitrites and Nessler’s 
reagent for aminoiiia gave ii(‘gativo results. These results, together 
with the fact that no gas is produced in fermentation tubes containing 
nitrate lH)uillon, h‘ad to the conclusion tliat nitrates are nob reduced. 

Optimum Jloaction and Toleration Limits 

Beef p(‘ptono bouillon was adjusted to each of the following reactions 
with sodium hydroxide, and hydrochloric acid 4- 27 (pH =» 3.8), 4 - 17 
(pH « 4.8), 4- 12 (pH « 5.2), + 6 (pH « 7.2), 0 (pH « 8 . 6 ), — 4 
(pH « 9.0), -- 10 fpH « 9.1), — 16 (pH « 9.6), — 20 (pH » 9 . 8 ), 
— 30 (pH « 0.9). 

Optimum reaction for growth 4- 5 (pH « 7.2). Limits of growth 
were 4" 12 (pH « 5.2 ) and —15 (pH — 9.6). 

Susceptibility to CUSO 4 and HgCl*. The experiments were run in 
triplicate and tho average results presented in table 3. 
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TABLE 3 


EJfcct oj CuHOi on BaiUniim coromifodtnii twr. airopurpnmnn 




1 

Number of colonies developing in peln <lishps (‘onlnininf> 10 

Dilutions 

1 

ee. ol nutrient astir inoculated wdb (be foUinving amount 

ejqDressed 

Number 

of the various CuBOi dilutions, in 10 ec, portions of uhieh 

os ratio 

mmulcb 

bad been xdaeed ti ' 

Linifonn amount of inoruhnu 

of CxiSO* 

tieaied 



to n.o 


4 mni. loop 

3 mm. loop 

1 needle 

0 (Control) 

T) 

487 

376 

5 

0 (Control) 

10 

503 

450 

S 

0 (Control) 

15 

750 

.502 

11 


5 

0 

0 

0 



0 

0 

() 


15 

0 

0 

0 

1:100,000 

5 

5 

0 

0 

1:100,000 

10 

0 

0 

0 

1:100,000 1 

15 1 

0 

0 

0 

1:600,000 

5 

m 

0 

0 

1:600,000 

10 

16 

0 

0 

1:600,000 

15 

5 

0 

0 


In a similar experiment, using mercuric cliloricl in place of copper 
sulphate, the numbers of colonics developing in the controls wei*(^ 
practically the same as recorded for the controls in table 3. No colonii's 
developed in the remainder of the experiment except an av<‘rago of B 
in the 1:500,000 dilution using the 4-mm. loop and allowing an exposure 
of 6 mmutos. 

Brome-grass Organism in llolation to Host Tissues. 

Infection occurs through wounds and stomata. Spraying unwouudetl 
leaves of Bromus inermis with a water suspension of the organism re¬ 
sults in numerous infections. A study of razor sections of young lesions 
obtained in this way shows that infection may be stomatal and is at 
first intercellular. Studies of stained sections of diseased and normal 
tissues which were killed in absolute alcohol and embedded in paraffin 
show that in old lesions the cells are misshapen, disrupted, and usually 
crowded full of bacteria. It is probably because these parenchymatous 
cells are so completely filled with bacteria at this stage that the lesions 
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do uol pi'osc'ul n ooUnpM'd ii])p(*iiranc(‘ with sunkoii arejis as is the case 
wilh (he lesions of Halo-blight of oafs. 

Overwintt'ring and Disseiniuatioii of the Bromc-grabs Organism 

Ho .s])eei{il nork has b(‘eu done on this phase of the problem. Isola¬ 
tions from old material, logoiIw'r wilh field observations on the recur¬ 
rence of Ihe disease each year at Ihe same places, lead lo the belief that 
the organism ov(‘rwinlers in the le.sions on the dead bronu‘-grass. It 
is susi)('e1ed thal Ihis dis(‘as(' is transmil ted by the seed. 

bUMMAUY 

1. The bael('rial blight of brome-grahs somelimes produces spots on 
the glumes and causes alnnidant dark purplish-brown spots on the 
leaves. Tin' s])ols may or may not be accompanied by yellow halos. 
The npp(‘r nodes are oeeasionally killed. 

2. Natural ijih'clions have been found on Bromus incnnlit and Agro^ 
pyro)} reperm. 

3. Artificial inoeulalions show that the white bacterial organism 
found constantly associated with the disease is capable of infecting 23 
species of thc‘ genus Bromus, oats (Avena mtiva), and quack grass 
{Ayropyron repenfi). 

4. The organism isolated by the writers has the group number 211.- 
2323023. The same number is suggested a.s the correct, number for 
Bacterium coronafaciens. 

5. Bnctorium coronafacivna in several experiments produced no infection 
on Bromua Inermin. The lesions produced on oats by the two organisms 
are not idenlicsil. 

0. On account of the (UfTi'rences in infcclivily between Bacterium 
corono/ncfc;».v and the brome-gruss organism, the latter is considered u 
variety of the former and given the name iioefer/^ww comm/acieas var. 
alropurpnreunK 

Okfic'1'3 oe Gkkeal Inviostkiations, 

BijitBvu ov Plant iNDUSTitY, 

U. H. DKCAIITMRN'T Olf’ AORlCULTUnB. 
in cooperiylion with 

Wisconsin AoiiiouLTmiAL Hxpbuiiabnt Station, 

Madison, Wts<'onsin. 
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EXPERIJVEKNTS WITH PARIS DAISY AND ROSE TO 
PJiODUCE REvSISTANOE TO CROWN GALL 

NdliiIu a. Brown 

With Platbs HI and IV and Four FtauRDS in thd Text 

Our early work with tlie crown-gall organism was carried on largely 
with the Paris daisy, and as the facilities were favorable for some studies 
on resistance, an experiment was started in the year 3907 with this 
end in view. 

The plan dcviw*d was to start with daisy plants which were perfectly 
healthy, to inoculate them with the crown-gall organism and when the 
galls were full sized and the wood of the plant in condition for making 
cuttings, to remove slips from these galled plants. When the cuttings 
were full-bizod plants, they wore to bo inoculated with the same strain 
of Bacterium iume/adenft or a strain known to bo very infectious, and so 
on through a number of generations with the hope that resistance would 
eventually develop. 

The work was carried through in two series of experiments, one ex¬ 
tending from 1907 to 1912 which included 7 sets of cuttings, and 8 sots 
of inoculations; but of th(‘&e no group photographs were made; the 
second experiment extending from 1912 to 1917 with 5 sots of cuttings 
each of which had been galled by pure culture inoculation. (Pis. Ill 
and IV.) The method tisod was needle prick inoculations throughotit 
the experiment. 

The details of tho experiments are as follows: 

PIBST STimaDS OF EXPBBIMBNTS WITH PAKIS DAIST 

March 8, 1907. Twelve healthy Queen Alexandra daisy plants, 
propagated from cuttings, were inoculated with Bacterium tumefadem. 
Galls formed readily and wore 1.5 to 2 inches in diameter in two months. 
Cuttings wore then made from those plants and in July when well-rooted 
and growing vigorously they were inoculated. Large galls formed at 
once and in November a set of cuttings was made from these plants. 
The November cuttings did not grow well during the winter but started 
a rapid growth in the spring and wore inoculated in April, 1908. For 
some reason the galls were slow in forming and as the plants were in 
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good condition it was thought perhaps some rcsisiancc to the organism 
had developed. Tt was August before the galls were of any appreoiahle 
size; cuttings were rooted from these galled plants and were inoculated 
in November, 1908. 

Whenever cuttings from diseased plants were inoculated other plants 
of the same variety (the Queen Alexandra daisy) were inoculated as 
controls. The controls were selected from plants which had never 
before been inoculated. 

The plants inoculated November 18, 1908, which were expected to 
produce galls of the 4th scries in line of successions from the original 
plants, failed to produce galls in the usual time. The control plants 
growing under similar conditions had galls in less than a month. This 
4th series of plants was inoculated again, but even nine months after¬ 
wards there were no galls at the inoculated places. Suspecting immunity 
was becoming established, cuttings were made from these plants in 
March, 1909. (5th sot.) In May, 1909, these new cuttings were in 
good condiciou for inoculating. The same old strain of Bacterium 
tumefaciens used before was used again, also another strain isolated 
from a peach gall. 

In July, 1909, galls had formed on the controls whether inoculated 
with the old daisy strain or with the peach strain, but not on the plants 
in the series with either strain. This showed that the old daisy strain 
was still infectious and the circumstance seemed to point again to the 
establishment of resistance. 

Next a new and very infectious peach sWain which had been tested 
out was tried on the suspected resistant cuttings. No galls formed on 
them (16 in all) while control daisies of a new Queen Ale.xaudra slock 
were readily infected. 

On December 3, 1909, the 6th sot of cuttings was tried a third time. 
Thirty-one plant cuttings of this series were inoculated with the daisy 
strain; as controls 6 young Queen Alexandra daisy plants never before 
inoculated were used, also 8 sugar-beet plants. 

December 28, 1909, The control daisy plants bad galls an inch in 
diameter and two months later the control sugar beets had galls 3 to 4 
inches across, but there was only one daisy of the cutting seric.s with a 
gaU. 

January 18, 1910. In the 6th series inoculations made December 3, 
1909, several of the plants which showed negative results after 30 days 
were now producing galls. In two more months all of the 31 plants had 
galls of varying sizes. These plants had some resistant tendency which 
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was overcome as growth conliuuctl. Ruch reaislanco had never occurred 
before,—galls usually started on young growing plants in from one to 
two weeks after needle prick mociilations. 

Cuttings were made in the spring of 1910, from the last (6th) set of 
galled plant >s. The 6th set in the series did not get into condition for 
inoculathig until winter. The organism used for inoculating was an 
isolation from a gall on a plant of the 51 h set of cuttings; its virulence 
had been proved on other plants (the supposition at the time of isolating 
was that th<* colonies would not be infectious but this one colony proved 
to be more virulent than an.y strain from the Paris daisy previously 
isolated). 

On January 12, 1911, plants of the 6th set of cuttings were inoculated 
mth this virulent, strain. It was named the “Resistant Daisy’* strain, 
to distinguish it from other daisy strains in use, as it was isolated from 
a gall on a plant which for a time according to iippoarancos had acquired 
r(‘sistance. This strain is still in u,s(‘ (1921) and is still virulent, while 
the organisms of other ('arlier and later daisy isolations have weakened 
or lost theu* viruloiic(' cut holy. This stram (Resistant daisy) inoculated 
into the 6th scries of cuttings produced galls rapidly, of a largo size and 
for the first time in tho course of the experiment secondary galls wore 
formed on stems and loaves (Fig. 1). This affected tho plants badly in 
growth and looks. The coiilrol inoculations which were made on new 
plants, purchased in Boston mid Springfield, had large galls also, but no 
secondary galls. The galls started to form more (luickly on the controls 
than on the plants of the seiies lest. 

(hitlings wer(‘ mad(' from thi‘ plants with secondary galls, (0th set) 
in tho summer of 1911, making the 7th set from galled plants. The 
growth of (ihese cut lings was slow, -“the plants seemed not to bo vigorous 
in tlie fall and it was not luit il January 7,1912, that t hey wore iiioculatod. 
At this time th(‘y had started a good growth. This was also true with 
the 01 h set of cuttings, the slips of which were slow to take root and 
slow in gelling a goo<l growlh Hl.art(‘d. At the time tho 7th series was 
inoculated (Jan. 7, 1912), wliioh included 27 plants, controls were held 
on other ikuv (^ueon Alexandra daisy plants from Boston, never before 
Uioculatod. As was true with tho 0th series, galls formed more quioldy 
on tho control plants but ultimately wore no larger than the galls in tho 
scries test. The control plants themselves looked much stronger how¬ 
ever than tho plants in tho scries test. In fact, when it was time to 
make new cuttings from the 7t.h set, the plants were in such poor condi¬ 
tion that none could be obtained. Tho plants oonthiuod to look weak 
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Fig I Two Queen Alexandia Daisy plants belonging to the 6th set ol cuttings in 
the first senes test, inoculated mth organism isolated from gall on previous set in senes 
Inoculations made January 18 1911 with strain called Resistnat Daisy Photoaranhed 
March 22 and 27, 1911, respectively 
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all .summer unci in AuRust all were dead but one', '^riii.s plani, wan isi't 
abide for later cuttings, but through a gardener’s mislako it was dis¬ 
carded with the rest. 

Discussion of results:—The death of the plants in the scudes lest was 
rather a surprise, the full significance of which did not become clear 
until it had occurred again—^namely that the constitution of the plants 
had become weakcuic'd through the continual production of tumors in 
successive generations of cuttings, so weakened that death followed. 

In the six years that work had been carrhul on with galled daisy 
plants it had lieen found that they did not die from the presence of 
galls unlcbs the galls encircled the stem. In foniKT cases the plaits 
were not galled in succession. The encircling stage was rather rare*. 
The galls in the series test had not encircled the stem although the plants 
had died. The controls were alive and in fair condition with full sized 
galls on them. The eonclusion therefore was that death of the serii's 
plants had iH'.sulted from a weakened condition due to a continual 
diseased state iudiic<'<l by tluj presence of galls on eacli of seven successive 
generations. And instead of a resistance to Bacterium tamefaripun 
being constitutionally established in the daisy plants an increased su.s- 
ceptibility had developed. 

It remained for furtlnw tests to be made along this line to see if this 
susceptibility could bt' r(‘peatod. 

feBUOND BERIBS OF EXPERIMENTS WITH PARIS DAISY 

The second s(*ries of cxpt'rimentH was started in July, 1012, by making 
cuttings from galled control plants of the Queen Alexandra daisy, the 
plants never having Ix'cn galled ])ut this one time. 

In January, 1918, the crnttingH of this sot were in good growing comli- 
tion and the plants were inoculated January 7, 3018. Forty-nine plants 
were inoculate'd using tht‘ strain of Bacterium tunicfacicm called “IlcaLs- 
tant Daisy,*' wliioh as before stated had been isolated from one of the 
5th set of galled plants in the former “resistance test.” In March, 1913, 
galls two inches in diameter had formed on the daisies. Chittings were 
now made from those plants. 

December 2, 1913, plants of the 2d set of cuttings (28 in number) 
were in good condition and were inoculated with Bacterium tUTmfacicris 
(8d sot of inoculations with “Hosistant daisy strain.”) 

February 3, 1914. Galls H to M inches in diameter were on the 
plants. In 3\Iay of the same year all of the twenty-eight plants inoculated 
had produced galls. Cuttings (3d sot) were made from those plants in 
July. 
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December 15, 1914. Thirty phmta of the 3d set of cuUiiiRS were 
inoculated. Controls were held on 13 daisy plants never before inoeulated. 

Galls were forming well on tlie series plants in February, 1915. In 
May, 1915, photographs were made of 27 plants of tlii.'j set (galled 4 
times) and also of 12 of the controls (Pis. IIIA, and IIIB; IVA and IVB). 
The photographs show a marked contrast. The series plants were stuntod 
and some of them dying. Three of the 30 could not bo found. They 
had in all probability died and had been thrown out by a gardener. 
The control plants, bearing galls for the first Lime, were in good condition. 

In May, 1915, after photographing, cuttings were made from the 
plants which had been galled the 4th time. December 20, 1915, the 
resulting plants (22 in number) of this 5th set of cuttings wt're inoculated 
with the Resistant daisy strain of Bacterium tumefaciena. 

Twenty Queen Alexandra daisy plants never before inoculated were 
inoculated for controls. Those last wore grown under the same condi¬ 
tions as the other plants. Galls formed rapidly on all. In a week small 
tumors were visible. In a month (January, 1916) all the plants, series 
and controls, had galls three-fourths of an inch in diameter. This 
made the 5th set of gaUs in the series. In May, 1916, cuttings were made. 
They did not root very readily 'and struggled along through the summer. 
In the fall they were all dead but one. This one was imhealthy but it 
improved somewhat during the winter of 1917, and in the spring cuttings 
were made from it. In June, however, all those cuttings of the 6ih set 
were dead and in the fall the parent plant died also. The cuttings 
never developed well and so were not inoculated. The inoculations, 
therefore, of this serios ended with the fifth. 

Discussion of results:—^The results of tlio second exi)criment were 
like those of the first—^no decided resistance to Bacterium tumefaciena 
was developed by the successive formation of galls on cultivated daisy 
plants, the plants used being cuttings of infected plajits in successive 
generations. What appeared to bo resistance in one stage of series 1 being 
due, it is most likely, to decreasing virulence on the part of the cultures 
used; the serios plants requiring a more virulent strain to infect them 
than did the control ones. The results, however, in both series seem 
to indicate that the vitality of the plants was considerably reduced by 
repeated infeotion with the organism. This fact was shown by the 
dying of the plants after they had been galled in the line of successive 
cuttings five to seven times, although the cuttings made from them were 
taken while the plants were stiU in good condition. 
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KXl'lJIUMTflNTy WITH JUICES OB’ GALLED PLANTS 

Al OIK' Ihnt' (lurnifi; iho lirsi horics cxporimoiii, wlion the lifth hol of 
outLiii{j;s iifl('r iiiocuUilIoii gave the .‘ippearance that resistance to the 
erowii-gall ()rf>,aiii.sm was either established or bocomiiig; established, a 
number of (hc' full-grown plan! s of this set were brought to the laboratory 
and treated in the following way. Stems and leaves were wiisliod care, 
fully, ground, and put through the pressure filter. Varying amounts- 
Hcc. to 5ee.) of this filtrate wer(‘ added to tubes of liquid agar, the agar 
was t hen inoculai ed wi Lh the crown-gall organism and plates poured. The 
juice proved to.havc' no pt'rmanontly inhibiting effect, for t3q7ical colonies 
of Bacterium lumcjaciem^ appeared on the plates in great numbers 
but when compared to control plates, made with juice from uninoculatcd 
plants, there' wtus marked retardation in the growth of the colonics. The 
colonies were inoculated into healthy daisy plants, also into sugar 
beets. Calls formed, so the viruh'nee of (he organism was in no way 
reduced bj'^ the juice from the supposedly immune jdants. Other 
experiments with th(’ juice from infected i)lantH were as follows: 

1 to 3 cc. of th(' juice were added to beef agar slants, after they had 
been inoculated with Bnctcriiun himcfaciena. Beef agar slants without 
the juice wore also inoculated lus controls, (kowlli was retarded in the 
slants with tlu' juice, but once started the organism developed rapidly 
and was no less abundant, than in the control plants. 

To a bouillon culture of Bacterium kmcfacicnH 10 cc. of the diseased 
filtered juice were added also. J’latcs were poured from this treate<I 
culture using plain beef agar to which 3 and 5 cc. of diseased b(»iU‘<l 
juice were added to ea(*h tube. Likewise plat(‘s were pour<‘d and slant 
cultures w(‘re mode with Bacterium tumefacicriff using the jnice of healthy 
daisy plants in t.he same way as th(‘ dist’ased plant jnice, 'Phis jui(u* wim 
obtained in th(‘ same manner by passing the ground up plants through 
a pressun* filU'i*. Ib'althy daisy plants juice was also boiled wil.hout 
passing through tlie filter au<l then added to agar as in the lest with 
the diseased plant juice. 

liesults:—The results showed that the. organism grew in the media 
to which diseased daisy plant juice (eithi'r passed through the filter or 
boiled), and healthy daisy plant juice had been adde<l respi'ctively. 
No difference could be detected except in the time of the api)carance of 
growth of the organism in the cultures. The organism in those cultures 
with diseased juice aildod was slower in maldng its appearance. 
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INOCULATIONS "WlTir DEAD CULTURES 

All interesting experiment was one in which dead cultures of Bacterium 
tuniefaciens were injected into the fibro-vascular bundles of daisy plants 
and the plants then inoculated in the mternode above the injected area. 
Others on the other hand were inoculated in the spot in which dead 
cultures were injected. Galls formed on every .stem in the former 
case in three weeks, but in the latter out of 11 plants inoculated only 
2 produced galls and these did not appear until four weeks after inocu¬ 
lation. 

That the culture was dead was proved by transferring- some of it to 
bouillon and Uschinsky’s solution. No development of the organism 
followed. 

The details arc as follows: 

December 28, 1909. Bouillon cultures of Bacterium tmnefaciens were 
heated to 60® C. for 10 minutes then injected after cooling into young 
Queen Alexandra daisies. About 3 cc. of the dead cultures were in¬ 
jected in each of 24 shoots. The needle was thrust downward in the 
fibro-vascular bundles. The next day another injection of a dead 
culture was made in the exact location as before. Immediately after¬ 
ward 13 of the plants were inoculated by needle pricks in the intornode 
just above the puncture made by injecting the dead culture while elevt'ii 
of the stems were inoculated m the injection puncture. 

Two plants not injected were inoculated as controls. 

January 11, 1910, galls had formed on the controls. Three weeks 
after inoculation, galls were forming on internodes above the point of 
injection but none where inoculations wore made in injection openings. 

Forty-two days after inoculating two out of the eleven plants inocu¬ 
lated in the injectod places had galls forming but these were very small 
in comparison to the control galls, or those on the plants whore inocula¬ 
tions were made in the internodcs above the injected areas. No further 
gall development ooourre<l in the injected plaoe.s 

BREEDING EXPERIMENTS TO GET BOSE SEEDLINGS RESISTANT TO 

CROWN GALL 

The rose was used in this problem because of the prevalence of rose 
galls in greenhouses where roses are grown commercially for cut flowers 
and also for the sale of rooted cuttings. The disease occurs out of doors 
also but not so extensively as in greenhouses, hlost varieties of roses 
are susceptible to tumor formation but the condition of growth of the 
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plant (whether growing rapidly or partially dormant) is an iiiiportaiit 
feature in the character of the infection which follows. Because of this 
it is difficult to learn definitely the varieties which arc least susceptible; 
facts which were considered necessary so that crosses could be made with 
these varieties. Inoculat ions were made on twenty or more commercial 
varieties in the hope of finding some variety that would bo immune. 
Oftentimes the inoculations failed to take and the variety was considered 
one suitable for crossing, it being suspected that it might lie an immune 
variety or at least less susceptible than some of the others. However, 
when inoculations were repeated later to verify former tests the con¬ 
clusion would bo entirely overthrown by the appearance of a destriujtivo 
gall. It remained then to use those varieties which seemed to possess 
resistance and by crossing them to follow up their progeny Avith the 
hope that some of the resultant seedlings would exhibit resistant tond- 
enoies. It might happen that some of the seedlings would eviui entirely 
resist infection. The crosses were made with those roses which were in 
favor commercially. As indicated above thcro was little chance of any 
constant inherent resistance that could be depended upon in making 
these crosses. 

A virulent strain of Bacterium tuniefadens isolated from rose galls 
occurring in a Massiichusctts rosc-houso was used for inoculation 
throughout the experiment (I'lg. 2A). When galls had developed on llu* 
stem or preferably were staHing to form on the pedicel of a flower, 
crosses were made witli the following varieties: Mi*s. Charles Russell, 
Sunburst, Ophelia, Irish Firoflame, My Maryland, Hnk Killamoy, 
White Killamoy, Prince Charles d'Arcnberg, Lady Alice Stanley, 
Rod Radiance, September Morn, Hoosior Beauty. This was done in 
the spring of 1010 and 1917. 

February, 1017, five rose hips wore ripe on galled plants, 'rhese 
were cut off and planted. An accident happened to two of them but 
of tlie thrcG that remained, crosses were as follows: Mrs. Charl(‘s 
Russell X SunbursL; Ophelia X Irish I'ircflamc; My Maryland X 
Ophelia. Both Irish h'ireflame and Mrs. Charles Russell had been, slow 
in producing tumors after inoculation; many inoculations failing en¬ 
tirely to take. 

The seeds germinated September and October of 1917, and throughout 
the summer of 1918, there were ton struggling plants. A year later 
only five were alive, three of which wore largo enough to use for cuttings. 
Later the other two puny plants died. Thirty-six cuttings were made 
from three seedlings, nineteen of them being from one which produced 
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a double lose led blossom (Mrs ( liailos liussdl X Sunbuist ) two 
from i double cream pink (My Maiyland X Ophclii) md fifttcii from 
a single cream pmk blossom (Ophelia. X Insh I iieflimi) 

In Apiil 1020 Ihe plants woic m good giowin^ cemelition and were 
inoculated C ontie Is were he lei on stock losc 1 uslics whieh had nevei 



lift 2 A Oown galls on rose steams from Waltham Moss Apiil 11 le)!*! Natural 
size Isolations xnodo from these 

B Opheha rosebush inoesulateel with rose gjJl organism June 2 1920 (Fig 2a) 
Photographed April 6 1921 Plant had been dead two months One of the controls 
in the hybnd resistance test which shows the virulence of tho orgamsm 


been inoculated These were My Maryland Ophelia Pimce Charles 
d’Aienberg, Sunburst, Irish rireflame and American Beauty Controls 
were also held on cauhflowei plants, sugai beets and Ricmus 
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In one month after inoculating galls wore forming on the single cream- 
pink bushes but none on the double cream-] )ink or the rose-red bushes. 
In two months there were small galls 1.5 and 4 cm. in diameter on 3 
inoculated plants of the double cream-pink vari<‘ty and one much 
smaller on the ros(‘-red. By this time a single-pinlc se(‘dling gall was 
2 by 3 cm. (Fig. 3a) while the one rose-red seedling gall was only 3 by 
4 mm. (Fig. 3b). Galls 2.5 to 4.5 cm. in diameter had formed on the 
cauliflower, sugar beets and Ricinus (Fig. 4). On the control rose 
bushes they were 2 to 2.5 cm. in diameter. More control inoculations 
were made in May and June to learn the type of virulence of the organism 
during the hot months. 



Fig. 8. lloso gall in hybrid hmuunity tost. Seedling singlo eroain-pink (Ophelia X 
Irish Firoflamo) loft; seedling rose-rod (Mrs. Charles RuasoU X Sunburst) ri^t. Both 
inoculations April o, 1020, with samo culture or rose-gall organism, l^hotographed 
Juno 18,1920, a. gall 2 by .3 cm.; 6, gall 8 by 4 mm. Natural size showing tho tempor¬ 
ary rosistanco of one variety to tho crown-gall organism. 


Tho results of tho seedling inoculations at tho end of July 3 920, were 
os follows; Out of 19 rose-rod bushes, (Mrs. Charles Russell X Sunl)ur8l) 
inoculated on many stems, 15 had no galls, even after three months; tho 
other 4 had small galls 6 mm. to 1 cm. in diameter. Of the 15 single 
cream-pink variety (Ophelia X Irish Fireflame) only 8 had grown in a 
thrifty way, so that tender shoots could be inoculated. Six of these 
8 produced galls 2 to 3 om. in diameter, much larger than those of the 
rose-red variety. Of the two plants of the double croam-pink variety 
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(My Maryland X Ophelia) one had two large galls 2 to 4 cm.; the other 
plant was not inoculated. Secondary galls were later produci'd on the 
single cream-pink variety. After a year had elapsed the roHe-r(‘d variety 
had only one &izea})l(‘ gall 3 cm. in diameter while two of the single 
pink variety had died from the galls encircling the sti'm. One of the 
control rose bushes (Ophelia) had also died, its stem being encircled by 
the gall (Fig. 2B). The other controls including several Ophelia bushes 
had galls of various sizes but were producing flowers occasionally. 

In the spring of 1921, a year after the first inoculations were made into 
the rose seedlings, when the bushes were sending out new growth the 
new spring shoots were inoculated. Special attention being given to 
the rosc-red variety. Twenty inoculations of the rose-red variety were 



Fig. 4. Rose galls on sugar beets, cauliflower and Eicinus. rionts inoculated Apri 
5,1920, with the Bose-gall organism, to test its virulence and as a control on the sup¬ 
posed resistant bushes. Photographed June 18, 1920. Reduced in size. 


made; no infections followed. (lalls formed readily on the single (Ti'am- 
pink variety. The plants of the double cream-pink were not growing 
well and were not inoculated. 

During June and July plants of the rose-red variety, (Mrs. Charh's 
Eussell X Sunburst) were iuooluatcd again. This time galls formed in 
nearly 60 per cent of the inoculations showing that the resistant characters 
of this plant were not permanent. The galls were smaller and slower in 
growth than those of the two other varieties. However, they continued 
to increase in size during the winter of 1922 and although development was 
alow, in the spring they were as large as any mature galls on the two 
susceptible varieties. 
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No pcrniuncnt resistance to the crown gall organism was developed 
either in the Paris daisy or in rose bushes which were seedlings derived 
from somewliat resistant vaiietics. A temporary resistance or what 
at the time was supposed to be such was noted in the daisy cuttings in 
the middle of the first w'serics, and in one plant of the three rose seedlings. 

When the inoculations into Paris daisy cuttings made from galled 
plants won' carried to the s<‘venth generation, this resistance was lost 
and increasi‘d susceptibility to the disease was noted, but here a more 
virulent strain of th(‘ organism was used. 

A second sot of experiments with galU'd daisy cuttings seemed to 
indicate increased susceptibility to the disease in the fifth generation 
with lowered vitality of the whole plant. 

Of the three rose seedlings produced from somewhat re&iaiant plants 
one (Ophelia X Irish Fircflamc) was very subc<‘ptiblc to crown gall, 
and one called the rosc-rccl variety (Mrs. Charles Russell X Sunburst) 
appeared for a time q\uto resistant, that is for about a year. At the 
end of nearly two years this resistance had appreciably lessoned although 
the variety never showed tlio namo ability to form galls as di<l the other 
two seedling varieti<'H. 



THE ALTERNARIA 15LIGHT OF POTATOES IN BERMUDA 

n, H. WlIETZEIi 
With One Fiaxittn in thd Tuxt 

The following observations on an cpiphytotic of early blight of potatoes 
in Bermuda in the early winter of 1921, may be of some interest to plant 
pathologists. 

The fall crop consisting chiefly of Bliss Triumph and a much smaller 
acreage of Garnet Chili is planted in Bermuda during the latter half of 
September and early October. In the autumn of 1921 weather conditions 
were very favorable to the growth of potatoes. Warm weather and 
abundant rainfall combined to produce a growth of crops which by early 
November gave promise of an extraordinary crop as indicated by the 
foliage which was profuse and of a dark green color. 

Early in November the weather became increasingly wet, rain falling 
almost daily. About the middle of the month the early blight began 
to appear in many of the fields all through the colony on the earlier 
planted potatoes. It appeared first on the lower leaves on plants hero 
and there throughout the fields, causing them to turn yellow and die. 
The lesions on these first infected leaves were quite characteristic for 
the disease as it commonly appears in the States. The lesions were 
rather small, definite in outline and with the usual target board markings. 
Then suddenly the tops in entire fields began to die off. This often 
began in spots or areas which rapidly enlarged, but usually the entire 
field was swept as by a fire. 

From a distance these blighted fields had so much the appearance of 
a late blight attack that 1 felt sure it must bo that disease. The sudden¬ 
ness of its development, the rapidity of its devastation and the “spots’* 
in the field all argued for the Phytophthora blight. Moreover, on first 
entering one of these fields to make a careful examination I seemed 
confirmed in this opinion. The lesions (Pig. 1) were large, often an inch 
in diameter, the margins indefinite, dark and water-soaked. There 
were, to be sure, here and there the smaller definite target board lesions 
so characteristic of the Alternaria blight, but they wore chiefly on the 
lower older leaves while the large indefinite lesions were abundant all 
over the foKage even to the uppermost yoimg leaves. Moreover, tho 
green stalks showed numerous large, dark, watery lesions apparently 
those of tlie late blight. 
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IIkh w(i< ho\^c^(l two flislui 1 ) 111^5 f( limes m thfs( fi( 1(1 symptoms 
Seaioh IS I not i ti uc wrs to be fouiul ol th< whilt mileiiw 

/one so oil’ll 1(1 (listiL ot tlu uncld suiiut of liU blight ksiona ihis 
6ecm((l Kiniikiblo toi the w is soake'd Rnrl tlu loliige wet with 

the 1 uus of tlu piecoeliuj]!; lu^ht I voiy condition icquisito foi ui 
ibunclint piocUution of the (omdiophoics oi PJ jtoplUoa irfc^tans 
sccmcfl to ()])< un biii none w is in cviclciice even un lei i hind lens ihe 



Pig J bhi,hl lesion'? oupolato kill is Note ml finite wit rsoalel 

charaotci of the* losuns and absene of /onihon Cjnta t ih)toi,riph fioni hi 1 
eppcuncns 


other puzzling thing was tlio shf,htly biownwh liue* and occasional traces 
of ronation m some of the large lecion's Tlu-a togothei with the frequent 
presence of typical oaily blight lesions on the same leaflet caused me to 
hesitate over a final decision 

Mr M E Luthci a iccent gi actuate of the Wisconsin Agnculturil 
College had brought me to this paiticulii field to ehagnose the tiouble 
and stood by awaiting my veidict After audibly ehangmg my mmel 
two 01 thice times, I finally said it must be the late blight though the 
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symptoms certainly lacked some of the usual feat ures of that disease. I 
took the precaution, however, to gather a quantity of the affected “trees’’^ 
which I at once took to the laboratory for microscopic examination. 
To my astonishment the lesions all showed an abundance of the spores 
of Alternaria solani and not a trace of tlie eonidiophorcs or conidia of 
P. infestans. 

Repeated microscopic examinations of blighted leaves from different 
fields always yielded like results. 

By the end of November fully one-tliird of all the potato fields were 
severely affected with the early blight and in many the tops were com¬ 
pletely killed. The yield in blighted fields was reduced at least one-third 
and in some cases probably one-half. Only a small percentage of the 
growers spray the fall crop and those who do delay the first application 
until the “trees” have practically complefed their growth. That is, 
they do not begin until the early blight is often starting or even well 
along. A few who this year sprayed early and thoroughly held the disease 
in check to a considerable degree. However, as spraying was generally 
delayed, only the upper leaves were protected and as not more than two 
or three applications at most were made, the disease developed on the 
lower unprotected loaves. Poor spraying due largely to antiquated 
nozzles and low pressure pumps together with the washing effects of 
frequent rains combined to offer but Httlc check to the disease in most 
of the sprayed fields. Tlio best yields from blighted fields did not exceed 
six barrels to one of seed planted, including all grades of tubers, while 
many fields gave as low as two or tliree to one. In all cases the per¬ 
centage of seconds, third grade and cxdl t\ibers was liigh. One of th<‘ 
best potato growers who sprayed early and veiy thoroughly and whose 
field showed very little early blight harvested seven to one. A severe 
wind on December 5, 0, and 7 destroyed tho tops in this fiehl which 
accounts for the relatively low yield, but, it serves as a rough standard 
by which to judge of tho offcot in neighboring fields killed by tlie blight 
shortly before the wind storm. 

This attack of early blight was not especially associated with maturity 
of the tops, tip burn or other injuries to tho foliage. Tho foHago when 
the epidemic broke out was in perfect condition and in a vigorous state 
of growth. The weather had been ideal for growth of the “trees.” It 
was a clear case of a virulent attack of an independent pathogeno upon 
a normal, vigorous host. 

1A colloquial but universal u&o of the term in Bermuda. Applied to the lops of such 
herbaceous plants as potatoes, lilies, celery and onions. 
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Those features of Ihis oi>ideruic which strike me as extraordinary in 
my experience mill early hlight are: (a) the huddeimcss and rapidity 
of its development, (b) the completeness of its devastation, (c) the size 
of the leaf lesions and tlieir similarity to those of the late blight, and 
(d) the <levolopm('nt of large water soaked lesions on the stalks. 

Depaktment of Plant Pathology, 

Cornell University, 



SEED TRANSMISSION OF LETTUCE MOSAIC 

Ai^IiAN G. Newhall 

As one of the minor diseases of field-grown head leiluec in Webtern 
New York, no&aic has been observed for .several yeans. It is commonly 
present to the extent of from 3 to 6 per cent, Imt in dry seasoiis, when 
insects are abundant, it is much more prevalent. Such was the case in 
1921. From 10 to 15 per cent of the heads of the second crop in Wayne 
County became affected by September. The disea.se was also very 
prevalent in other lettuce growing sections of the State. Its spread was 
easily correlated with a general infestation of aphids, these insects 
having been found by dagger (8), in 1019 to be capable of transmitting 
the virus. 

During the summer of 1921, repeated search was made for wild hosts 
which might aid in the dissemination of the virus or be responsible for 
carrying it through the winter and furnibhiug the primary inoculum in 
the spring. A number of attempts were made by Dr. 11. W. Dye and 
the author to transfer mosaic from milk-weed {AhclejiloH sijnaca)^ and 
from water dock {liwnex britannica) to lettuce by means of nibbing, 
transferring bits of diseased tissue, and by hypodermic injections. 
Toward the end of the season cages were built and aphids employed, but 
no success attended any of these trials. 

For several reasons it was suspected that lettuce mo.saic was carried 
over in the seed. In the first place an occasional mosaic plant was 
found in the fiats planted with commercial Big Boston or llomaino 
seed in the greenhouse. In the second place I he disease was observed in 
the field in May and Juno soon after th<' young seedlings developed their 
third or fourth true leaf. At this lime aphid.s are not prevalent, nor are 
they commonly found own lat(‘r on such small lettuce. In the third 
place, seed transmission was demou.btrat(‘d to occur in a number of 
mosaic diseases of vegetables and field crops. Reddick au<l Htewart. 
(11), and Nelson (10), have reported seed transmission of the common 
b(‘an mosaic, while Crardner and Kendrick (0) found the soybean mo.saic 
was transmitted in a similar manner. McClintock (9) has reportetl 
seed transmission of lima bean mosaic, while Doolittle (4) and Doolittle 
and Gilbert (5) found the cucumber mosaic could live over in the seed 
of the wild cucumber {Mic7'amp€lis lohata)\ and possibly in rare instances 
in that of the cultivated form. Dickson (2) and Dickson McRoxtie (3) 
report positive results of “seed inheritanco”^ in the mosaic of several 

^ There is no indication that the disease appears in the offspring in a doiinito ratio or 
any implication by thorn that it is necessarily carried in the embryo. 
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lfp,umcs, nolably Trifolnini pr(it(>n!^(\ T. hijhridunu Mclitotui^ alba .*111(1 
Pi6aVI 6ativnni, ns woll as Ili'i)p(*astrum spot*ic‘S. Miss 'VVoatcrdijfc (12) 
lias furlhcrm()r(‘ r<‘p()rl('(l n possiliU* case of aoed Iraiisinission of lomfito 
mosaic, but t1u‘ \\ork of Allard (1), Dicdcson (2), and of Clardner and 
Kendrick (0) does not support her view. 

In ordc'r to test tlie possibility of seed traiisinissioii of lettuce mosaic, 
twelve heads of lloston showing typical symptoms of the disease 
were candidly select(‘d in the field at cutting lime, staked, and allowed 
to go to seed. Seed was harvested from each of these individuals sepa¬ 
rately. To t('st its viability a small amount was sown immediately in 
the field and, out of 37 plants whieh gr(‘w, two showed distinct mosaic 
symptoms oiu' mouth later. This was not considered important at the 
time, since no preeautions wc're taken against possilde insect inoculation. 

GltWEN HOUSE lESTR 

The following wint(*r (11)21 -1922) s('ed from 3 of the 12 selected plants 
was sown in fresh loam, not known to have previously grown any lettuce. 
After 28 days, mosaic symptoms were distinctly apparent on 27 plants 
out of the total population of 503 plants which grow. Several doubtful 
cases W('re noted 1)ut not counted. As a few aphids and other insects 
were found in the vicinity of the lettuce bench, another test was made. 
This tiiiK* every precaution was used to eliminate all other possible 
agents of transmission. The soil was steam sterilized, the seed bed was 
covered witli (dieest'cloth aft('r sowing, April 5, and the house fumigated 
several times during tlu' ni'xt tlm'o weeks. On examination 24 days 
later, April 29, a considerabh* number of typical cases of mosaic had 
appc‘ar('(l. A diligcMit sear(‘h was made for aphids and other ius(‘ct.s but 
none wen* found. On MtiS" 30, the plant,s were pulled one at a time and 


the following eounls made. 



Parent’s 

Population 

No. of IMosaic 

number 

grown 

plants 

lr—3 

410 

16 

• 4 

40 

0 

LA'S 

100 

2 

li——7 

170 

1 

If—8 

200 

4 

It—9 

101 

3 

L—11 

176 

6 

L~12 

200 

1.3 

Totals 

1406 

46% 
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In addition 35 doublful eafses were held for tliree weeks more, sinet* 
under greenhouse conditions mosaic symptoms may be more or less 
masked and slow in developing. Rix of these developed more definite 
symptoms. 

Since making tlu'se tests, additional field observations in Western 
New York have been made the past season. Several fields of lettuce in 
Wayne County were examined carefully in different places in July 22. 
The plants were not over 18 days old and were just getting their second 
or third true leaf. One hundred plants were counted in each of a number 
of different places in three fields, and in every case from one to three 
plants showed the first symptoms of mosaic. No insects were found on 
any of these plants as the season was very wet and the plants very small. 

CONCLUSIONS 

These tests and field observations seem to prove that mosaic of lettuce 
is frequently transmitted tlirough the seed. 

Probably the seed is the most important source of primaiw inoculum 
in the spring. 

Department of Plant Pathology, 

Cornell University, 

Ithaca, New Yoek. 
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STUDllOS ON PJANT CJANGNIIB V. 

LFAl'T 01U)\VN CiALLS ON TOBAOOO PLANTS HESULTINCJ 
FROM BAOTNRIUM TUMFFACIKNS INOCCJLATIONSi 

TMichaul Levinb 
With Platts V to VII 

One t)f (he most iiileresling results of the study of crown galls luis boon 
tlie discov(T’y and careful sUidy of those leafy forms (abortive shoots, 
etc.) which fc^iuith has <‘harac(evized y.rt plant embryoinata. The. iobacco 
is probably one of (he most favorable plants for the study of these leafy 
crown galls. 

In studying tli(' virnl(*uc(‘ of various dilutions of B, timieJacienH in 
tobacco, 1 have had under observation large numbers of leafy crown 
galls that were associated with ami formed a part of iho crown galls that 
developed on the stems, in th<‘ h'aC axils, and on the midveins of the 
leaves, and have compared tliem with those of Bryophyllum (Levine 3). 

Levin and Jjevine (1 and 2) aiul Levine (3, 4, and 5) claimed that tlio 
l(‘afy shoot, may result as a differentiation of tlu* crown gall tissue, 
hhirther (‘videiice for this view has hcoji obtained. Buch galls are to 
1)0 distinguished in iny opiuioji from the leafy crown galls wliicli develop 
wh(‘n an axillary or dormant, bud is inoculated with B. luimfaoions. 
This typo of h^afy crown gall is distinctly different from those that 
develop on stem iuternodes or the mid veins of leaves. 

METHOD OF UVOC’UI.ATION' 

In si inlying tlu' virulence of various dilutions of B. limefaciotis, as 
reported elsewhere, I have deserihed the various dihitions and the 
methods employed. A brief (h'scriptioii of the* methods used will aulRoc 
here. The plants wore inoculated in the stem at the iuternodes, in the 
axillary buds, and in the midvein of the loaf. This wfw done by inserting 
a trocar .5 mm. in diamet(‘r to the depth of 2 or 3 mm. removing the 
tisvsu(‘ and replacing it by a drop of suspension of B. tvnicfaciem with the 

^ From the Oouoor Division, MonteUoro Hospital, Dr. Isaac Lovior, Ohiof, 
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aid of a syringo. Tho moip common mclliod of inoculation, that iw, 
pricking the plant witli a hicrilc noodle dipped into an emulsion of Ji. 
tumcfaciens^ was also used. But Avith the former method the qu.antity 
of fluid is measured more definitely than has heretofore been done by 
myself or other investigators. In the first or tocar method, a larger 
quantity of fluid can be injected. In general, the sizes of the crown galls 
obtained were not affected by the number of bacteria. 

The inoculation of tho uppermost axillary buds of decapitated phauts 
was tried. Approximately two hun<ired plants were deoapitatetl and 
immediately afterward were inoculated Avith B. iumefaoens. This was 
done by inserting a trocar into the axil of the leaf followed by injecting 
a drop of the culture. Often a slanting trocar incision Avas made ex¬ 
tending from the center of tho pith of the cut end of the .stem diagonally 
to the axil of the loaf into which the B. tumefacienh suspension Avas 
introduced. 

It is known that when a tobacco plant is decapitated, a number of 
axillary buds from the uppermost to the third or fifth dormant bud below 
are stimulated to develop, the uppermost assuming the position of the 
primary stem. It has boon shown that injury or impairment of function, 
caused by the development of a crown gall near an axillary bud, will 
cause the development of the bud (Levine 5) and data, still unpublished 
for galls, on rubber trees shows that the death of the apical portion of 
the stem due to a crown gall is followed by the development of a number 
of axillary buds below tho uoerotized portion of tho stem. 

The stimulation of the buds brought about by dccapilation is in a 
sense analogous to the stimulation of bud dcvolopmont brought, about 
by the removal of a Bryophyllum loaf. The qiiebtiou was raised whether 
tho removal of the leaf in Bryophyllum would act as au added stiimdanl 
to shoot formation when the notohos of tho leaves wor(‘ inoculated. Tlie 
conclusion reached was that B. iumefaciens generally inhibits the develop¬ 
ment of buds and leaf notches rather than stimulates thorn. In tobacco 
my results are tho same as in Bryophyllum. Hmith (12) finds that, “A 
distinct crown gall stimulus exists for the dormant buds of Bryophyllum.” 

In all, over one thousand inoculations were made on aliOAit 350 plants. 

OBBBRVATIONB 

As noted, the results obtained by inoculating at three different points 
were compared, first, the midvein of the leaf, which in Bryophyllum gave 
only crown galls Avithout differentiation of leafy shoots; second, the 
stem internode; and third, tho axil of the leaf or tho stem node. 
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INOCULATION INTO TUB MIDVKIN OP TIIR LKAP AND TIITO 

STRM INTWItNODB 

I’or llio study of i(‘afy crown galls on the midveins of loaves, the 
(o])acco is, in the opinion of the wrifor, the host material so far discovered. 

The number of leafy crown galls so obtained is, however, relatively 
small. It a'|)proximatcs, however, under favorable conditions, the number 
of leafy shoots which appears on the stem internodcs after inoculation. 
Of a great number of leaves inoculated in my cultures, only a small 
number reached maturity with their crown galls; the others failed to 
produce crown galls or withered before the crown gall was well developed. 
It. must be remembered tliat by the time the young inoculated leaf 
hecomes mature, its position is relatively further down on the stem, find 
more shaded so that in crowded cultures it may often wither and the 
development of the crown gall be thus interfered with. In all cases 
examined the growths on these mid veins which later became leafy 
crown galls, began as crown galls of the ordinary type, the characteristic 
leafy shoot appearing later. 

In inoculating the leaf mid vein with B. lamefacieiis by the trocar 
method a cylindrical ojicning is formed extending parallel with the 
axis of the midvein for a distance of 3.6 cm. With llio development of' 
crown gall, the tissue splits longitudinally. The growth of the crown 
gall is visible for two to three weeks before the diminutive leafy shoots 
are recognizable. The leaf structures first appear as small greenish 
white protuberances find then develop into recognizable small sessile 
leaves. It appears hero as maintained by Levin and Levine, (2) and 
Levine (3, 4, and 5) that th(j leafy crown gall arises by a secondary 
process of dilTereuliation. Just as the crown gall, in its earliest stages 
is inad(‘ up of small cells, einbryouie in appearance, and later b(‘(*oiues 
(Uil(»r(‘ntiated into various mature tissues, so by growth it may become 
(Utrerentiated into l(‘av(‘S and often modified stems and roots. Similar 
results are obtained when an iuo(*tilation is made by several pricks of 
(he needle dipped into a culture of B. lumcfaciens. Each incision is 
filled with a small crown gall of the globular typo and later small leafy 
shoots develop from them. In all cases it was determined by careful 
observation that the h^afy shoots appeared after the crown gall was well 
established. The formation of a cork-likc layer and the appearance of a 
brown color over the surface of the orown gall indicates that a dilTercntiate 
process is going on. Often, in the tobacco and especially in Bryophyllum, 
(Levine 3) it was nototl that protuberances which were suspooUHl of 
being capable of forming leafy shoots would spr(‘ad out liorizoutally 
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and form flattened bodies not recognizable as leafy elements or roots. 
These would grow into large roundtnl masses and again give rise to 
protuberances which would in turn behave as described above. It 
appears ihat these protuberances can not be considered as definite 
embryonic leaves or roots, but are merely clusters of embryonic eplls. 

Smith’s (10) figures (on plate 23) show similar tyiies of development 
of the leafy crown gall. Ilis figures show clearly a large globular crown 
gall from which the leafy structures develop. It appears that the size of 
these leafy shoots is determined in a great measure by the rapidity of 
the growth and differentiation of the crown gall. A good food supply 
will undoubtedly aid in the bettor development of tlie.se leafy structures. 
Most often the development of the globular crown gall i.s rapid and th<* 
differentiation of distorted woody elements cuts off the food supply so 
that the small leafy sliool s dry up and die. It seems proliable that t ho 
early death of these leafy structures on the crown galls is not a matter of 
senility, but is due to the limitation set on the available food supply by 
virtue of growth and differentiation of the crown gall proper. 

Leafy crown galls on the internodes of the stem reach a much larger 
size than those on the midveins of the leaves. They are larger and the 
embryonic leaves which appear on them arc more numerous and larger, 
than those on the midvein, galls, but the same general sequence of events 
prevails. At times it appears that those on the stem have greater vitality. 
The leaves of those crown galls are relatively small and as compared with 
the normal and are always clustered. It seems that the greater the 
mass of tissue upon which the crown gall develops, the larger is its size 
and the greater is the differentiation of tin* crown gall tiHSuea. 

The leafy crown gall on the stem of tlu* lobacco develops after tlie 
main mass of the crown gall tissue lias been formed. In a jmmb(‘r of 
instances, I have been able to obtain leafy (Town galls, on the cut ends 
of stems of tobacco. These are similar to those shown by Smith (11) 
hut in all cases a large maaa of crown gall tissue is first formed on I he 
cut end or within tho body of the stem. This at first has somewhat I he 
appearance of wound callus. A scries of leafy crown galls obtained liy 
inoculating with similar quantities of B. tumefadeym showing all stages 
in the development of the leafy shoot are shown in plat,c V, figures 1, 
2, 3, 4, and 6. 

Plate V, figure 1, represents a double crown gall at the internodo of 
the stem of a tobacco plant inoculated in August 1921, and harvested 
in October 1921, The inoculation was made by perforating the stem by 
a trocar incision and B. tumefacims was then introduced. Two con- 
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fluent erown Ralls dovclopcsl. lOaeh lias a Hcaly !surfa,eo ainl no indimlion 
of leafy si tools. 

On flin ()ih('r liaud lli(‘ Rails in idiife V, figures 2, 3, 4, and H show a 
nuinlx'r of h'jivt's vaoiiiR in si/t' and degree of development. \'t‘t these 
plants wen' grown pracdh'ally umh'r (he same conditions and inoculated 
similarly, and have produced ('(pially largo globular crown galls. In the 
first (PI. V, fig. 2) the shoot on the crown gall consists of a leaf like 
protuberance “a”. In plate V, figure 3, several Icaf-liko buds may be 
recognized while in 4 tlu'ro has formed a stnieture which has a leaf and 
steni-like appearance. In plate V, figure 5, the galls produced by a 
perforating incision also have developed (piito recognizable leafy bodies. 
It is of interest to noti* that while the globular crown galls are rather 
uniform in size', (he size and iiumlw'r of the leaf-like clonicnts vary. 

A considerable number of plants showed swellings, comparable to the 
smooth galls deseribed earlier (Levine 5 and 0). These galls arc smooth 
in outline and covered by aiipari'iitly normal epidermis. Sections 
through these crown galls show a liyperplasia of a particular tissue such 
as pith, woo<l or oorti'X, and the groAvth of the epidermis appears to 
keep pace with the growth of tiio internal tissui's. The growth of th(‘ 
epidermis which eovei's the hiternal hyperplasia is not detonniuate, for 
it eventually cracks, necrotizes, and Its scales fonn a part of the gall. 
An injury (*ansed by a noodle prick at the time of inoculation inhibits 
the growth of the epidermis at that point. The crown gall appears to 
grow tlu'ougli the ojiening and what aiipcars to be (‘alius tissue forms 
around the wound. Numerous cases of this phenomenon appeared in 
internodal inoculations of the tobacco. 

The leafy crown galls so far (Usscrilx'd as noted form a group of crown 
galls which result from the furtlun* <U(T(‘reutiatiou of the so-called globular 
typo of crown gall. 

INOCIILATIUK OK HTJ'SMH AT TIIM AXILLAUY BUDS, VLANTS NOT 

I>P(‘A IMTATMD 

'rh<‘ elVe.ct of the inoculation of (he axilhuy hud of tlm tobacc.o with 
B, iumefacimB was studied oxt<‘nBiv(‘ly. The growth that develops hero 
is of two tsrpes. First, the globular crown galls formed are associated 
with a comparatively elongated brancli-likc growth which is xindoubtcdly 
the result of an abnormal development of the axillary bud, I have not 
made cultures to recover the organism from those shoots, but the pres¬ 
ence or absence of the bacterium in the tissue would not necessarily 
indicate whether the parasite is the cause of its development. Never- 
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theloFiS, tliipi lypo of (Town oall, when it oc’curs, is a dislinct ('iitily and 
may Ix' cUs(iiig,iiLsliod from Iho leafy growths which appear on the sur¬ 
face of the globular crown gall by its posiiiou on the stem, iiamoly, in 
the axil of (he leaf. Tins axillary h'afy crown gall as we shall refer to it 
may dev(‘lop .synchronouhly or appear somewhat later than I lie globular 
hyperplasia. 

Plate Vn,figure 10, and plate VI, figures 11,12,13,and 14 shown more 
or less graded scries of axillary growtli. In all cases, (he axillary leafy 
shoot is associated with the crown gall, often growing through it; more 
commonly the leafy growths appear on a dwarfed atypical stem as 
showiiin plate VII, figure 10, aird plate VI, figures 11, 12, and 13. It not 
infrequently occurs that tho axillary shoot appears to he quite normal. 
This occurs when lh(‘ inoculation is made at the side of the axillary bud 
(PI. VI, tig. 14). The developmenl of this shoot is not to be const rued as 
directly caused ]>y thi' organism, Imt rather indicates a vascular dis¬ 
turbance alT(‘cting the distribution of food, thus calling forth (his 
growth, possibly in the same way that decapitation would do. 

It is of interest to note that in plate VII, figure 10, the crown gall appears 
to be an abortive stem from which aberrant leaves appear, having a 
more or less cyclic arrangement. In plate VI, figure 12 the branch marked 
“a” can be recognized as the axillary shoot. It is stunted, yet the ar¬ 
rangement of tho leaves can bo definitely recognized. Plate VI, figure 11 
represents a similar condition; “b” is the axillary shoot the base of 
which is suiTounded by globular crown gall which differentiated into 
li*afy appendages. Plato VI, figure 13 shows still further the sizi' to 
which the axillary leafy crown gall may develop. 

The most striking characteristic of the growths of this type which 
arise from (li{‘ axillary Inid when inoculated with H. luincfocifna, is lhat 
the slrueturi's so formed art' never as well developed as an axillary .shoot 
arising from a deeapilatccl stem, but are dwarfed, fasciatiul and abnormal 
in app(>arance. I'ht* leavc.s are of t(‘n pale green and in a measure nwunl>U‘ 
the loaves of the other tyi)c of leafy crown gall. These leafy st rue lures 
vary in size and dovc'lopmcnt and form a series of growths varying from 
an typical branch to one almost normal in appearance (PI. VI, fig. 14). 
These leafy crown galls may bo regarded as tho typical axillary leafy 
crown gall. 

That B. tumefadens docs not always cause the development of this 
axillary type of leafy crown gall may be seen from the great number of 
inoculated axillary buds which do not produce these leafy shoots. This 
constitutes the second type of cases. It appears in the case that the 
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iiiociilfiiion of li. into llu* axillury Imd iriiiy iiihilrtl" partially 

or coiiiplctt'ly ilio dovelopmoiit of iho dorniaut Imd. lii plate V, ligurcH 
0, 7, 8, and 9, wo liavo a fow of ihe largo nuinbor of cases of this sort 
obiainod by inooiilaling tli(‘ axillary buda. J^arge globular crown galls 
liavo boon jiroduccd, wliilo the dormant buds have failed to develop. 
Such typos of dev(‘lopmeni iirodominaliod my cuUures of Bryopliyllum 
(Levine 3). li is porliaps possible tbai under tliCvSe coiidiiioiLS the entire 
bud rudiment, is deformed and is either given over to crown gall cell 
formation or is engulfed by the rapidly growing cells that form the crown 
gall. In all tliese cas(\s, t,lic leafy crown gall of the differentiated type, 
that is, the form with small leaves coming from the surface of the crown 
gall may also be pix’sent. 

The development of th(‘ axillary leafy crown gall may be due at fimt 
to a btiinulution brought about by increasing the food supply. The 
young crown gall csdls may be rt'sponsible for this by stimulating the 
transportation of food siipiily, thus causing the doveloiimenl of the 
axillary bud. The clovidopmeut is t hen retarded and the shoot is dwarfed 
or stunted when compared with the shoots from axillary buds stimulated 
by decapit,atiou. A careful study of a large number of these growths 
confirms the opinion that the crown gall organism while it may indirectly 
stimulate tlio dev('lo]micnt of the dormant bud, prevents its full normal 
development. 

INOC’ULATIOJSr OF TIIF STEM AT THE AXILLAEY BUD OF DEOAl'ITATBD ELANTS 

My furtlu'r test of the effect that the crown gall organism has on 
an axillary bud when stimulus such as decapitation is added, gives 
results similar to those I have already described for Bryophyllum l(*af 
noteh(‘s. In th(‘ latter case, the leaf notches were stimulated to shoot 
production by removing the leavtvs from the plant and idaoing I hem in 
moist soil. The control leaves uninoculated produced at tin* h'af noiehes 
largo normal slioots, while t,lios(' leaves inoculated at their notches with 
B. lumcjaciens produced relatively largo crown galls and diminutive or 
no shoots at all. Smith’s (J2) figures (tlso show this to bo the case for 
leaves not dotaohod from iho plant. Whether there is a summation of 
the stimuli to growth resulting from the two sources, viz. decapitation 
and inoculation, is not altogether clear from either my results or those of 
Smith. It is not easy to make exact comparison of the number and 
exact character of the growtlis initialed under the two sots of oondition.M. 
It is of course perfectly clear that the final influence of the organism is 
to dwarf and deform the growths wliioh do start in the inoculated ri^gioue 
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but it is quite possible tluil the st iruuli 1 o cell growtli and division from 1 ho 
two sourees are summaied though the birtlior oflVet of the organism wlu'u 
present is to prevent the harmonious 1)iogone(i<* inieraetion of the cells 
produced which would load to the formation of a normal l(‘afy shoot. 
That the uioculated buds produce a smaller total growth in the <‘nd may 
be merely due to this resulting maKormation which prevents normal 
assimilation and transportation of food stuffs. 

In the case of the tobacco, decapitation leads to the development 
of a number of axillary buds so that at the end of the summer season a 
large decapitated plant may produce from two to five large branches 
arising from the upper axillary l)uds. The inocjulated axillary regions 
produce crown galls with malformed branch-like growths. '^Phe elements 
of the axillary shoots are recognizable but the eharaeieristic normal 
development does not appear. The shoots ar(‘ g(‘n(‘rally stunted; the 
internodes are short, and the leaves appear to he aberrant, small and of 
a pale green color. The mechanical injury eoncomitanl with the hiocu- 
latiou may also have a part in disturbing the bud rudini(‘nt. A niimlwT 
of small branches may appear with the erowii gall. These lejify shoots 
appear to develop synclironoiisly with the crown gall and form a com¬ 
ponent part of it. 

Plate VII, figure 15 represent a a case in which the axillary shoot developed 
1 )ut slightly after inooulation. Here the crown gall “ 1)’’ seems to ])artially 
surround the cut end of the primary shoot “a,” which has been cut 
close to the axil of the loaf; ‘^c” represents the development of tiuj 
axillary bud. Compare these aberrant branches with lire diameter of 
the branch arising from the axillary bud “ d ” uninoculat cd. l'\)r imrposos 
of photograpliy the shoot '‘d” was r(‘inov(‘d. The diaiuet(‘iN of the two 
are sufficient to show that the uuinoeulated axillary Inid <lev(‘lops into 
a normal branch, which when highest on the stem, »us is well known, 
assumes tlio position of the primary shoot, whih* (he inoculatcnl axillary 
bud produced hero a hirge crown gall with a small stunted shoot (“c”). 

In another plant shown in Plate Vll, figure 1 (),the largest in my (•nltures, 
similar results were observed. The axillary l(*afy (jrown gall produe(‘d 
several shoots all of which were smaller than the five axillary h'afy 
crown gall type, dwarfed and pale green. The leaves were attenuated, 
, also pale green in color and dried at the tips. 

The crown gall in this case was very extensive, the plant bearing it 
was the largest that appeared in these cultures. This is in line with the 
evidence (Levine 6) that the better the health of the host, the larger the 
size of the crown The gall is covered by abortive leafy outgrowths. 
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This coinbinnlion of iho loafy crown and the axillary lonfy crown 
{Jittll, au ab(‘rranli (l(‘vclo]niu‘nl of tlu* axillary bu<l often a])i)eared. 

It is as nolt'd very obvious that while inoculation with /?. fumefacit tn, 
lilu‘ (h'capitation, acts as a stiinfdant to cell growth and division, the 
])araHite when present regularly leads to ratlier degenerate furth(‘r 
growth and poor development as companal to tho growth of an axillary’' 
bud duo to stimulation by d('capitation without inoculation. 

SUMMABY 

I. (1) Two lypt's of leafy crown galls are distinguished in the tobacco 
plant when inoculated with B. iinnfJacienK. 

(2) The first type has already been deseribed and figured as globular 
in form and covc'red with small leaf-like struotures whiidi rcKSult from 
the diffiu-entitation of the crown gall tissue. Such galls appear on the 
iiioeulaied midveins of the leaves and on the ,st<*m inlernodes of tobacco. 

(3) The S(‘coiul type of l(‘afy crown gall has bemi referred to in this 
paper as the axillary leafy crown gall. It a]>pears often when the axil 
of the leaf is inoculated with B. tumefanctia. The axillary leafy crown 
gall consists of rather ('louga((‘d stem as compared to the leafy crown 
galls of the first tyiie, and ri'sults from the aberrant ilevi'lopnient of the 
axillary bud. 

(4) It is not eertain that- tho growth of this leafy shoot is due directly 
to the presence of B. bumejaciens. The stimulus to growth may be tho 
result of a mechanical modification of the food sujiply incident to the 
development of tlie crown gall tissue. 

(5) 'fhe axillary leafy crown gall is small and atypical iw compared 
to the shoot from an axillary bud stimulateil to growth by di'capitation. 

(()) Au added stimulus sucli as decapitation does not iueroa.se the 
size of thi‘ axillary l<‘af.v crown gall when the axillary bud is inoculated 
with B, twnrjacivua. 


l)WHCtiTI>TION OF PliATW 

Plato V. Figures 1,2,!!, I, au<l 6 show a sorios of rwowu galls imsluocd by the inocu¬ 
lation of the intornoilofl of tho stonm of tobacco with Jiactenwn imu'facusyia, Tho 
crown galls show a graded sorios of leafy devolopmonts on tho globular mass of tho 
neoplastic tissue. In figure 1 tho loafy shoots aro barely vidblo, in figures 2, 3, and 4 
the size of the leafy protuberances arc larger. In figure 5 tho apical i)ortion of tho crown 
gall on opposite sides of the stoni are profusely oovored with widl lUlforontiated leafy 
shouts. 

Plato V, Figures (i, 7, 8, and f), show a series of crown galls prothieed by inocu¬ 
lating tho axil of the loaves with B. tmuJneUm, the dovolopmont of the axillary butl in 
each case is inhibited. 
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Plate VI. Figures 11, 12, 13, 14 and figure 10 plate Vfl show crown galls in the 
axils of leaves with various stages in th<' dcveloiinient of the axillary hud. The familiar 
globular portion of the crown gall is eovciod with leafy shoots. 

Plat 0 VII. Figures 15 and J <5 show the extWMiies of t he effect of iiioeuhit ion of 1 he upper 
axillary bud of a decapitated tobacco plant with li. liwulm lois. luffgure 15 the axillary 
bud development rcprcseals a large' globular ciown gall through which a small aberraut 
leaf-hke stem dovcloiied; the h'afy crown galls of the dilfcientiatcd variety may also 
be seen at the base of the gall. Figure 10 represents a longitudinal section of a tobacco 
plant through the crown gall. The cut end of the stem is covered with differentiated 
crown gall tissue consisting of numerous leafy shoots. The axilloiry bud appears to 
have grown through t he mass of crown gall tissue into two aberrant stem like structures. 
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TIFE HPIIAIOHULrNA LEAF SPOT OF CTiOVKH 

I'l. l'\ lloi*MNh^ 

WlTJl 1’LA.TrjB VJII AND IX AND TuhT.M FltxiriiL.'j IN TlUx Tij\T 

This loaf spot was first obs(*rvod llio wriior in tlio apriiif^ of 1920 
on tlio campus of iho University of Alissouri. TJic rosonililanco Ix'iwooii 
it and a leaf spot of bur clover caused b}'- a species of Pleosphacrulina 
previously studied by tbe wriUu* in Alabama is very strikiiiR and susg,es1 ed 
the poSvSibility that this also mi}!,ht be caused by a species of this same 
genus. A search of the dead elover leaves near infected plants showed 
that many of them bore perithecia similar to those of Plcospliaeniliua. 
The ascospores, however, showcil no longitudinal walls as in the latter. 
The species is, therefore, a Sj^haerulina and has been dctermineil by the 
writer as ^^phacrulina trifoJii. E. llostr. From a close study of the 
literature it appears that the disease has not been previously reported 
in America an<l for this reason it will perhaps be of some value to give 
an account of observations and experiments made with this loaf-spot 
since it was first found. 

Evidence that the disease was present in this locality at least as early 
as 1902 was obtained on examining a specimen of Trifolium repem in 
the phanerogamic herbarium of the University of Missouri. It was 
noted that some of the lower loaves of (his specimen bear the typical 
minute young lesions of the fiphaerulina leaf-spot. A microscopical 
examination of these small spots showed them to bo the same as those 
described below and also to have usually near their center the em])ty 
walls of the ascospores from which the lesions had developed. Thus 
far iho diHoase has been found on while elover {Trifolhuu repeus L.), 
alsike clover (7\ hpbridum L.), and on red clover (T. praferm L.). Data 
from inoculation experiments indicate that mammoth clover (T. pratensc 
pvrcmir) is also susceptible, white sweet clover {AfeWotm alba Lam.) 
and yellow swc'ot clover {MrHIottia officinale Willd.), bur clover {Mcdicago 
mucvlata Willd,), and alfalfa {Aiedhayo miiva L.) aro probably immune. 
'Idle disease has been found most commonly by the writer on while 
elover in the vicinity of Columbia, Alissouri. Other collections have 
been made at Uooheport, Clayton, St. Charles, and Blue Springs, 
Missouri; Ithaca, N, Y., aud Godfrey, Ill. The writer has found it in 
nearly every growth of white clover examined. Th(‘ loss caused by it 
is probably not great, although a couhiderable amount of defoliation 
may take place under favorable conditions. 

^Published with the approval of tho Diioctor of iho MihBoiU'i Experiment Htation, 
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SYMPTOMS 

Tho disoasG i,s oxhibitocl iit firsL as miuule black lesions on Uic leaf 
blades, pelioles, and siii)nles. Those' lesions are very small and easily 
disl iii}>,uislied from s]iols caused by Pht/lhicliora tnfoln’ (Pers.) Kckl. 
Al 1 liis staf;o llu' leaf has 1 ho ge'uoral aj)p('araneo of being pt'ppored. 

Rpols aro slightly deiiresscd ospocially on the petioles and on the under 
sides of the' leaves. Both the' upper and lower sides of th(‘ leaf usually 
boar lesions. Leaves have bceui found frequently, how(‘ver, with lesions 
only pari way up on the petiole and others with only the petiole and 
under side of the leaflets infected. The iircsencc of numerous h'sions 
of this sort often (*auses the leatiets to turn yellow and fall. When the 
leaflets turn yellow the dark lesions stand out in strong contrast. Even 
if there are lint a ft‘w young lesions on a leaf they are more readily 
distinguished by holding it between the (‘ye and a light. Such young 
lesions arc shown in plat ('VIII, figure 1, idiot ographed by transmit t ed light. 
Later these small spots enlarge and have a light brown to gray centi'r 
surrounded by a dark reddish brown margin as shown in plate 1, figure 2. 
The peritlieeia may sometimes be seen with tho unaided ('ye in tliese 
older lesions. By holding the leaf up to th(‘ light and examining it with 
a hand lens the pcrithcein stand out clearly as small bright bodies hi 
which one may often distinguish tho ostiola. Under conditions of 
continued high humidity the whole of the infected leaflet may become 
water-soaked in appearance and develop large nuinliers of petitheeia 
throughout the tissue. In the (‘ase of red clover, p(‘rithecia dcv(‘lop 
readily on the stipule lesions. 

Besides the parts mentioiu'd above, It'sions occur also on the peduiu'h', 
calyx, and corolla. Infection on the calyx seems siguifieant in that it 
points to a means by wliich the H('('d may become infected and thus 
transmit the pathogene. Young lesions on the petioh's and peduneh's 
are usually elongated vertically but arc otherwise similar to those* on 
tho leaf ])lades. Infectious liavc not been found by tho writ(‘r on tin* 
stems of cither while or red clover although numerous lesions have been 
observed on peduncles and petioles in close proximity thereto, so that, 
although it boems that the stems must have been exposed to ascospoiu* 
discharge they did not become infected. Abundant infection has been 
found on tho stems of alsike clover. In one instance minute lesions on 
rod clover stems which did not appear to ho typical of tho Sphacruliria 
disease were observed. Isolations from these lesions, moreover, gave 
rise in all‘eases Lo pure cultures of another organism. 
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UTIOLOGY 

Nomcnclaiure. Tho fungus was determined by the writer to be a 
.species of Spliaoruliiiu and was then compared with herbarium Hpeeimens 
of *Sf. irifolii 1C, liostr. on Trifolium repentt (No. 790 Sydow Myeolheoa 
g{*rmanica). The two are identical both as to ilie lesions pro(Un*ed on 
the clover h'aves and as to the morphology of the organism. The limits 
of a,SCO,spore Ic'Ugth as given by Kostrup' are somewhat smaller than 
t]ios(‘ determined by the writer for his own material. The former plae.es 
the limits us 82 to 88 by 12 to 15 while measurements of ten oseosporcs 
of mat ('rial colk'cted here vary from 30.4 g. to 39.5 (i. with an average of 
35.1 tJL. At the same time t he .spore width was found to vary from 12.2 g 
to 15.1 [I with an av(‘rag(‘ of 13.2 {a. As it is seen this agrees very well 
with liostrnp’s limits. As shown in figure 1, B, tlie mature asci arc 
considerably !oug(‘r than wide. ]lo.strup gave (heir measurements as 
50 in dianu'tc'r and did not give values for (he length and width. Tins 
ineasurem('nts of asci gave a variation in length from 04 (x to 71 (x with 
an average of 7^ [x and in width from 33 g. to 50 [x with an avc'rage of 43 
[L. Measurement.s of (he herbarium .speeimeu mentioned above were 
made and are listed lu'low along with Rostrup’s measurements and 
m<‘a.sur('im'iitM made from tlu' wriic'r’s own specinu'us. 



Present <‘()1I(‘('I ions 

No. 790 

JMyeothcca Clerinaniou 

llobl nip’s 
mea&uroiuonta 

rmtlK'ci.i 

SO \mn 

08-102 M 

Not given 

Ahci 

OJ TKttlWjO M 

17-50x30-11 M 

50 a (liaino((’i* 

AhCcsporoH 

:K).t-lll).nxV2.2 15.1 M 

25.2-20.1x11.2-12.0 M * 

32-33x12.15 a 


It seems evid('ut therefore that, the aseomyeete under consideration 
is the sunu' that Uostrup observed on white clover in Deiunark and 
Hphacrulin a trifolii. 

Morphology. Tl»(‘ my(‘(*lium of (his spc'cic's as it o('curs in lnfe(!ted 
tissue' is usually rather larg(} iu diumet('r» is densely granular and fre- 
(tueutly show.s swellings. On i)<)tato agar plates it is somewhat tlu* 
same but p(‘rhaps more uniform. Tho perithecia are outlined in figure 
1, B. They are flat!eued slightly on the verlicul axis and have ri'lativ(‘ly 
largo ostiola. T’’ho perithecial walls aro somewhat smoky in appearance 
hut aro veiy thiu so that wluui tho (5ontents aro mature the asei and 
asooBporos may bo seen within them. As menlionod above porithecia 

'Bostrup, B. Mykologifclco Modtlelesor (VIII). Spjrodlo lagllagolser Ira 1897*' 
180$. Bot. Tidfiskr. 22; 254r'270. Ulus. 1890. BibUograpMoal footuotos. 
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appear as small bright bodies when Ihc older lesions are viewed by 
transmitted light with a hand lens. They arc not beaked. The ascus 
when young is pear-shaped as shown in figure J, 11, and at the base lias 
a much thickened wall composed of a homogeneous hyaline substance 
This wall gradually becomes thinner as it approaches the larger end of 
the ascus in which the young ascospores are borne. Later when lh(‘ 
spores are mature this thickened part of the wall is retluc(‘d and appears 
as in figure 1, C. 

The ascospores are almost invariably four celled with three' cross 
walls although a few exceptions (c. g. two and three colled spores) have 
been found by the writer. Some of the spores arc symmetrical but a 
largo number show a bulging out of one of the central cells. '^Phe mature 
spores are filled with granular protoplasm which often contains a number 
of large oil drops (Figs. 1, C and 2). 





Fig. 1. Sphaerulina tnJolii: A, Porilliccia from a wliUc dovor h'af. B. An inj- 
maturo ascus from white clover. G. Mature osci and ascospoios from while clover 
Camera lucida drawings. 

Isolations. A large number of isolations wore made from loaf blades, 
petioles, stems, calyces, and peduncles which showed the small lesions, 
and in every case the same oharaoteristio growth was obtained on potato 
agar as shown in plato IX figures 3 and2. This growth was also identical 
with colonies from the tissue of larger lesions and from single ascospores. 
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In Iwo iiihlancos culluros of Colldotrichnm infolii Baiti wore obtniuod 
witli Si)li}i('rulinn. Tims far no nialuro p(‘rith(*(*ia have ])e(‘n obi aim'd 
in ]nirf' (‘uUuro. Th(‘ fuiiftiis inakos a ftood, bnl slow ftrowlh on polalo 
aftar. At lirst the colony consists of while mycelium only, Iml after a few 
days s])herical while bodies which soon turn shiny black appear at the 
conler and finally larj^e numbers of them are formed over the surface of 
the colony up to within a few millimeters of the advancing margin. At 
this time the fungus forms a tough membrane on the surface of the agar 



Fiq. 2. Sjiliaerulina fcrifolii: AscospoTcs from the surface of an infected leaf. Camera 

lueida drawing. 


and there is liut lit tie aerial myt'tdiuni present. Th(‘ general appcaranco 
of the colony is blaek with a whit e border. A large luimhcr of microsoopic 
examinations of these blaek structures failed to show any with asci, 
ascosporea, ot pycuospori's. The wall is inembranaeeous and is made up 
of cells similar to the walls of the perithecia found in nature but with 
no ostiolum. The contents are granular and frequently contain what 
appear to be oil globules. In cultures on sterilized clover leaves in 
large tubes and preparation dishes the same black bodies wore formed 
liibundantly in the leaf tissue. In this instance as before, none of them 
contained mature asci. However, in some, a number of ovate hyaline 
structures which may have been inmature asci were observed. 
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Cultures on polaio agar when aclively growing have a iileasaul fruit¬ 
like odor not present in cultures of Pleosphaendma hno-siana to which 
they are otherwise quite similar. In several isolation experiments in 
which the growth was at first not typiciil the presence of the organism 
was indicated by this odor. Later the cultures developed normally. A 
strong acid reaction does not prevent growth and this fact is of value 
in isolating when bacteria are present. In the following experiment 
actively growing mycelium from a pure culture of the organism was plant¬ 
ed on plates containing 1, 2, and 3 drops of lactic acid respectively, 
per 20 cc. of potato dextrose agar. 


TABLE 1 

Growth of SphaeriiUnia trifoUi on acidified potato dextrose agar. 


Drops of 60 per cent 
lactic acid 

pTI (approximate) 

Growth in diom. mm. 

30 hrs. 

2 days 

3 days 

4 days 

6 days 

1 

4.5 

moi 


17 


22 

2 

4.0 



15 

16.6 

19 

8 

3.8 

IBQI 

1 11.0 

11 


10 


Even with three drops of the acid there is fairly good growth after 
30 hours although the growth is only about one half that in the least 
acid culture. It is evident from the table that after a time the relative 
difference between the growth of the cultures gradually disappears. This 
is probably duo to a change in reaction in the more acid culture plates 
which makes them more favorable for growth. 

Pathogenicity. Difficulties were experienced in obtaining iufe(5tion 
with mycelium from pure cultures of Siphnerulina trifoUi because of the 
drying out of the inoculum before the pathogone had become established. 
However, in one experiment with a single ascosporo culture (No. 32) 
and a culture isolated from infected tissue (No. 30) strong infection 
was obtained on mammoth clover, medium infection on white clover, 
and slight infection on red clover. Ileisolations from the infected leaves 
were successful. 

As the lesions produced in the above experiment were not typical 
an attempt was made to obtain more natural infection. Two pots of red* 
clover plants free from leaf spots were used. Over one of the pots was 
placed a bell glass in the top of which were attached white clover leaves 
which bore largo numbers of perithecia. As a control the other pot of 
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plants was covored with a boll glass in which no pcrithocia wore placed. 
Both boll glasROH woro romovod at the end of about 76 hours. No dilTcr- 
onoo was not('d at the tinio of uncovering, but two days lai.er the plants 
oxpos('d to the ])orithooia showed abundant minute lesions identical 
with those found in the field. After two days more, a careful inspection 
\\'as made of each h'af. Of 70 loaves in the pot exposed to ascospore 
discharge, 52 or 74.3 per cent were infected, while none of the 60 leaves 
in the control plants were infected. Successful isolations of Sphaorulina 
from the spots produced in this manner were obtained. A microscopical 
examination of the h'sions showed at their centers the presence of asco- 
sporos usually devoid of contents as is the ease in field infection. 

The experiment was repeated but this time 8 different species of 
legumes were used. They represented three genera: Trifolium, Modicago, 
and Melilotus. Plants in one pot of each were inoculated and those in 
one pot us(‘d as a control. The boll glasses were placed over the plants on 
a cold cloudy afternoon. No lesions were noticed on any of the plants by 
the next day, but the morTiing following (41 hours after exposing to 
the perithecia) definite and characteristic lesions were found on the 
leav(*s of all inoculated plants while none of the control plants showed 
any lesions. In table 2 the species arc arranged in order of the relative 
amount of infection, l)oginnmg with mammoth clover which was most 
severely affected and ending with bur clover wliich was least infected. 
The numbers in the third column indicate approximately the relative 
amount of infection on the leaves on the basis of 10, which represents 
the most pcverely infected. 

The bell glasses w('rc remov('d at the end of 48 hours ainl the plants 
were placed under a choose cloth shade in the greenhouse to i)rotect them 
from the heat of th(' sun. The lesions on the species of 'rrifolhim con¬ 
tinued to develop in size while those on the alfalfa, bur, and sweet 
clovers ov(‘U aft('r 8 days did not appear larger than they were when 
first observc'd. 

From the above experiment and also from the first inoculation experi¬ 
ment it may bo coneludc'd that mammoth clover is the most susceptible, 
while red and white are about equally so under conditions of our experi¬ 
ments, and alsiko loss vsusooptible. The writer has not had the opportunity 
to study mammoth clover in the field. However, under field conditions 
white clover is much more severely attacked than red clover. The 
species of Medicago and Melilotus are probably not naturally host plants 
for this organism, as the spots did not devdop further than the pin 
point stage as they did in the case of mammoth, red, white and alsiko 
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(‘lovers. While a pure c\il1nro was not used in the Iasi two oxpciiuu'iils 
tJie writer considers that the ]>alhogeiiicilyof (he organism isdemoiistral- 
erl. 

Seasonal hisfonj. In the si)ring of 1922 as soon as (he Avliile clover 
began io grow it was inspc«t(‘d almost dady for the S])haonilma h'af 
spot. No infection was found up to March 13. Previously there had 
been little precipitation but from March 13 to 14 there fell about four 
inches of rain and on the 17 one center of infection was found, and the 
next day others. As a check hi the diagnosis frequent isolations and 

TABLli 2 


EesuUs obtained on inotulaimi) vaiioui, spocies of Tnfolium, Mulu.aqo, and MdiUtlm 

With SphnpTvlina hifolii. 


Host 

Relative 

infection 

Remarks 

Mammoth dovor {Tnfohum imitcta^e L.) 

10 

Lesions very abundant 
and prominent 

White clover (Tnfohum lepene L.) 

7 

Lc'sious abundant and 
strong. 

Red clover (Tnfolnm prutinse L.) 

i 

7 

A large munber of lesions 
nuudi more prominent 
than 111 the case of bur 
clover. 

Alsilce clover {Tnfolmm hqhndwm.) 

!) 

A few scattered lesions. 

Alfalia {Mcdicago saiiva L.) 

3 

Spots few but prominent. 

White sweet clover (MMotus alhaDesv.) 

3 

Spots few but prominent. 

Yellow sweet clover {Melilotm ojficmahs L.) 
Lam. 

3 

I'Vw seatloring lesions but 
more proniinwit thiUi 
those on bur clover. 

Bur clover {M(dicago maculala Willd.) 

2 

A Jew imnutc lesions. 


microscopic examinations were made. At this time a h(‘arch was made 
for the source of those primary inh'ctions. A uumb(*r of old dead huivos 
were found at the base of some of the infected clover plants. These 
leaves wore covered with porithecia coutaining osei and mature asco- 
spores. As they seemed to be in active condition there is no doubt that 
they were responsible for the first infections of the year. It sciuns 
plausible that they remained dormant until the heavy spring j'ains 
caused the asoi to shoot their spores and initiate infectioms on healthy 
leaves. As mentioned under symptoms these minute spots gradually 
enlarged and turned light brown at their center where perithecia arc 
produced. These perithecia then furnish more inoculum which causes 
infections throughout the season. Up to the present time no conidial 
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'ilap.o luis bo (‘0 louiul to ])o (‘oiinoctod mih llio spof*i(*h Although sovoral 
ol tlio Funp,! Im])oil(‘(*li found on clovor loaves have l) 0 (‘n t'ullun'd, Iho 
culluros do nol a! all losombU* llioso of Sphao ubna irifoln Tlio will or 
has not allom])lod to (U’t('rirnno to \vhat hoiglit the awosporos aio shot 
from the pc'iithoeia, but tlu* following (‘xpciimonts show that th(‘y arc 
shot upward at least one half centanetor. A leaflet coiitaiiiiiig pcTit heeia 
was moistened with sterile distilled water and attached to the uiuhu side 
of the cover ol a petri dish which had been previously poured w'ith 



Fio. 3. SphiK'nilma tnfolu. A. Ponotration of epidoimis of white clover leaf. 
Cameia lucida drawhiR. li. Details of early at age of infection on leaf of white clover. 
Tlie asfospoie and palisade cells in the immediate vicinity have turned biown. 


potato agar. The plate was inverted and left over night and by the 
lu'xt morning (about niueteen lioura) germinating ascosporrs were found 
on the surface of the agar plate directly above the leaf. The inoculation 
experiment discussed above shows that the perithicia readily expel 
their spores when plenty of moisture is present. 

The fact that lesions have been found on the calyx ami corolla in¬ 
dicates that seed infection may take place and this would account for the 
general distribution of the pathogone. Of a largo number of commercial 
samples of white clover seed examined, mycelium was found in practi¬ 
cally every instance in some of the seed coats. No successful isolation 
cultures were obtaiiiod from these seed to establish Iho identity of the 
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fungus although very short periods of disinft'cLiou were used. It was 
finally concluded that the samples wore old and the mycelium was dead. 
Seed will be collected from well infected clover plants and an attemj)! 
made to settle this question. 

Pathological relations. Soon after the ascospores come into contact 
with the leaf surface they germinate and send germ tubes directly 
through the epidermis. The germ tubes may grow for some distance* 
from the spore on the surface before penetrating the epidermis, as in 
figure 3, A, or they may penetrate directly as in figure 3, B. No d(*fiiute 
appressoria have been made out although the germ tubes are frequently 
swollen above the point where they enter the leaf. The empty walls of 
the ascosporc persist for some time after infection has t aken place perhaps 
because of its thickness. In about tliirty-six hours after inoculation 
the lesions are visible to the eye because of the dark brown color which 
developed about the infected region. The spore itself takes on a brown 
color and also the palisade colls near the penetrating germ tubes. This 
is illustrated in figure 3, B. Finally, the color becomes so deep as to 
obscure the details of the infected spot. As the spot enlarges the center 
becomes thin and brown due to the death and drying out of the cells. 
The margin of the lesion still retains the deep brown color which gives 
the characteristic appearance as shown in plate VIll, figure 2. 

The writer is indebted to Miss Marjorie F. Warner, Librarian of the 
Bureau of Plant Industry, for the exact citation of the article containing 
llostrup’s description of SphaeruUna trifolii. 

DBPARTMBlsrT OP BOTANY, 

Universitt op Missouri. 
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Sphalei LINA Llat Spoi or Ciovlb 

Fig 1 Splixciulma, leaf spot on kaflel'f ind Icat petioles of lujolimn npem 
Lolly st igc 

Fio 2 Spliiciulnn Ic if spot on liijdhuin npem Ad mice cl st%e Note the 
coloi about the margms of the lesions 
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STUDIES ON UROCYSTIS TBITICI KOERN., THE 
ORGANISM CAUSING FLAG SMUT OF WHEAT 

R. J. N O B Ii 

With Platb X and Two FrauBBS in thh Tbxt 

Studies on the physiological relationships of Urocystis tritici Kocrn. 
have always been considerably hampered by the fact that the conditions 
necessary for spore germination were not known. 

This apparently also is true for a number of other smuts. On account 
of scanty germination of the fungous spores, the study of the organism 
has frequently been limited to inoculation experiments with infested 
soil. The present investigations were directed toward a determination 
of the conditions which would result in more vigorous germination of 
the flag smut spores. 


GERMINATION STUDIES 

For several years Me Alpine (3) made observations on the germination 
of spores of U. tritici. He used tap water in his tests, and records ger¬ 
mination which varied from a “small proportion” in material one month 
old, to 40 per cent in material which apparently was four or five months 
old. 

Early studies by the writer indioalod that the spore germination was 
very capricious. Material from Australia and the United States was 
used in a number of preliminary tests, but, under a series of varied 
conditions in trials extending over periods which ranged from several 
days to several weeks, only a few spores germinated. 

MATERUL AND METUODS 

The spores used in the following series of tests were obtained from 
the wheat varieties “Bobs” and “Federation,” grown in the United 
States Department of Agriculture greenhouse, Arlington, Virginia, and 
collected in March 1921. When the results recorded below wore obtainoil, 
this material was at least six months old; and the spores stiU germinated 
normally when they wore fourteen months old. 

1 Ben Fuller Research Scholar of University of Sydney, Australia, and Graduate 
Student of the University of Minnesota. 

The writer wishes to acknowledge his indebtedness to Professor £. C. StaJonan of the 
Department of Plant Pathotogy, University of Minnesota, for advice and helpful 
criticism, and also to the United States Department of Agriculture for material and 
for granting the necessary facilities for the investigations. 
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II was found lhal mo<?1 uniform results eould he obtained by the use 
of Syracuse dishes. The spores were sown on the surfaee of from 2 lo 
3 cc. of liquid eonlained in the dish. Diseased leaf (issue was broken 
into fraf>ments about 5 mm. in leusth, and the spores were shaken out 
through the exiiosed ends of tlie unopened sori. There was practically 
no contamination by other fungi. This method resulted in saving of 
time and made it possible to use material from the same source in a 
series of tests. 


NATUliE OF BUBSTBATK 

Various organic and inorganic substrata were used. “Nutrient 
solutions” of inorganic salts and various sugars, carrot tissue infusions, 
wheat plant tissue infusions, beerwort, soil water extracts, manure 
extract solution, and other media were used in a number of different 
eoncentrations and under different conditions, without materially 
increasing the amount of germination. 

A number of organic acids were used in an attempt to find some 
specific stimulus for germination, but without success. 

The spores did not germinate readily in any of the sodium phosphate 
solutions of different hydrogen-ion concentrations. Various soaps of 
saturated and imsaturated fatty acids wore used to change the surface 
tension of the medium, but none of the changes appeared in thcmaelves 
to be of great significance. 

The spores occasionally germinated in soil water extracts and in 
plant tissue infusions, but even then only to a slightly greater extent 
than they did in distilled water. In distilled water at 22® C5, a few spores 
occasionally germinated after 4 days, hut somclim<‘s no germination 
was observed until after 10 days, and frequently all the spores fail(‘d to 
germinate. 

Subsequent tests have indicated that the nuituration of th(‘ spore 
was not a limiting factor in these eases, for spores which wer(‘ from 1 to 
24 months old germinated under suitable environmental conditions. 

No method of spore treatment appeared to stimulate germimition 
consistently, until it was foimd that spores wiiich had boon presoaked 
in water for several days would germinate profusely after the addition 
of small quantities of wheat seedlings tissue. (A few razor sections about 
20 g. in thickness.) (PI. X, fig. 1 and 2.) 

It wiU be noted from table 1 that the stimulatory action of the plant 
material is much more potent when it is added to spores which have been 
presoaked for 3 or mote days than when it is added simultaneously 
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UbOCTSTIS TRITia 

Fig. 1. Gennination of spores of Urocystis iritici. Twelve hours after addition of plant tissue to spores presoaked in distilled water. 
Germination at 25® C. X 190. 

Fig 2. Germination of spores of VrocystK intici. Spores presoaked in distilled water as in figure 1. No plant tissue added. X 190, 
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with iliom. In a number of lohls when dry spores were sown on wheat 
plant inCusioius, they failed to germiinite, whereas presoaked spores 
germinaled readily in ihe same media. The spores remained in a reet'p*- 
live eondition for al least 28 days after sowing in dislilled water, all hough 
in this ease the addition of tissue resulled in only 2 per cent g(‘rmiualion. 


TABLE I 

Tho (ffcci on gcimination of adding wheat tiasifcs to distilled loaUr in which spoi'cn of 
Uroojstis tntici had been 'prc&oakod for differtnt pciiods of lime. 


Dish 

No. 

Date on 
which 
spores 

were sown 

Date on 
which 
t issue 
was added 

Percenfafte of germination 

Ft'b. 

27 

Feb. 

28 

Mar. 

1 

hbir. 

2 

hlar. 

5 

Mar. 

7 

Mar. 

S 

80 

Feb. 24 

1 

Cont rol 

0 

0 

0 

0 

0 

trace 


81 

ti 

tc 

0 

0 

0 

0 

0 

0 

(raco 

82 

(( 

Feb. 21 

i 

0 

1 race 






83 

tc 

1 

(< 

0 

0 

1 





84 

(t 

Fob. 2r) 

Lraee 

2 

2 





80 

a 

Feb 27 

0 

■■ 






87 


(( 

0 

20 






88 

(C 

Feb. 28 

0 

0 

00 





8!) 

ti 

(( 

0 

0 

8.5 





85 

(( 

j\Inr. 1 

0 

0 

0 

65 




91 

tt 

Mar. I 

0 

0 

0 

0 

70 




All portions of tho young wheat seedlings appeared to be equally 
effective. The addition of uninjured wheat seedlings to dishes of dis¬ 
tilled water containing presoakod spores also stimulated germination 
almost to tho same extent as did the addition of small portions of plant 
tissue. 

Tho action was not specific for wheat plant tissue, since the tissues 
of rye, barley, oats, flax and various grasses also stimulated germination 
of presoaked spores, although wheat plant tissue was the most effective. 
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Tissues derived from socdliug wheat plants of the einkorii, cmmer, and 
spelt groups, were all equally effective. No difference was observed 
between the action of tissue derived from wheat varieties susceptible 
to flag smut and from those which are resistant. 

It was found that autoclaved infusions and also the distillates obtained 
from water extractions of wheat seedling tissue also effectively stim¬ 
ulated the germination of presoaked spores, provided that satisfactory 
dilutions were used. Dry spores sown in or on such media frequenlly 
failed to germinate.^ 

The general conditions necessary for germination of the spores thus 
having been established, further studies were then made on the physio¬ 
logical relationships and the morphological characters of the organism. 

BELATION TO TEMPERATURE 

Fawcett (2) has pointed out that the cardinal temperatures of any 
organism may vary considerably, according to the conditions under 
which the determinations are made. 

In studies on the temperature relationships of U. triiici it was found 
that the nature of the treatment to which the spores had been subjected 
had a considerable influence on their subsequent behavior at germination. 
Strong germination was always obtained 12 to 18 hours after the addition 
of wheat plant tissue to spores which had been presoaked for approxi¬ 
mately 3 days at from 22° to 24° C. (PI. X, fig. 1). It was found, however, 
that spores which had been presoaked at lower temperatures and sub¬ 
sequently incubated at 27.5° 0. rapidly lost their viability (Tab. 2). 
The moisture-temperature relationship thus indicated is possibly a 
factor in causing the reduction of infection, frequently noted when 
wheat is sown in infested soil some time after the incidence of rain. 

Further studies on the temperature relationship wore made at a 
fixed temperature range. The spores were sown on the surface of distilhMl 
water m Syracuse dishes and incubated for 3 days at temperatures whi(;h 
ranged from 7° C to 27° C. On the addition of portions of wheat plant 
tissue, it was found t^t germination commenced first at 18° (1), then it 
occurred successively at 22° C, 12° C and 7° C, none being noted at 
27° C. 

* Since the preparation of this manuscript, Brown (Studies in the physiology of 
parasitism UK. The effect on the germination of fungal spores of volatilo substances¬ 
arising from plant tissues. Ann. Bot. XXXVI: 294. 1922) has recorded iho stimula¬ 
tory effect of distillates derived from water infusions of the leaves of Euta and Polar^ 
gonium on the germination of spores of Boirytis cinerea. 
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It was found that there was very little differeiKJC in the percentage of 
germination after continuous incubation within a temperature range 
of from 19° C to 24° C, but that the growth of germ tubes was a liltlc 
more rapid at the higher temperatures. 

In a number of tests involving the use of spores which had boon pro- 
soaked at 20° C, it was found that a few spores presoaked for from 0 t o 
8 days germinated even at 29° G; and, in one case, a few abnormal 
promycelia were formed at 32° C, but none of the spores g(‘rminatod at 
these temperatures after they had been presoaked for only 3 or 4 days. 


The effect on germination of presoahd i>poiii, of Urocystis tritici of im uhaiion for vaiymg 
periods at S7.5° C. prior to the addition of wheat plant tiASue.'- 


Dish No. 

No. of hours 
at 27.ry° C. 

Porcentage of germination 
at 20“ C. 

70 0 

1 

O 

80 

70 D 


72 

70 E 

17 

21 

70 F 

21 

25 

26 

21 

20 

27 

30 

truce 

28 

30 

0 

70 (} 

•H 

0 

20 

46 

0 

00 

ooutroP 

90 

30 

tf 

80 


With roforonco to low temperatures, it was found that germination 
occurred at 6° C, although this test involved the use of ungerminated 
spores which had been presoaked for 6 days at 20° C (Tab. 3). In one 

^ Spores proaoakod for 6 days at 20° C. 

* Controls at 20° C. throughout. Tissue added to all dishes simultaneously. Dishes 
removed to 20° 0. after incubation at 27.6“ 0. 
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test it was found 11ia( llio spondia grow slowly oven ai 0° C. A dish of 
spores in the ('arliost stages of gc'rininalion was placed in a water tight 
container and then totally mimersetl in a mixture of ice ami A\aler. 
The sporidia hail gi'rniinated after nuuu'rsion for 2i hours. 

In a temperature' range test with ])resoaked spores, it was found that 
the maximum growth of germ tubes took place at a temperature of 24° 
C, although there was very little dilfereiice in the percentage of germina- 

TABLE 3 


The fffcit of tcfiipaafurc on the qtrminatton of spoies of Uiocqslts 


Difch 


Percentage of Genmniilion j 


No. 

Temp 

Apr. 10 



BIB 


98 

5®C 

0 

0 

0 

80 

Promypclm in early htiigcs of 
growth 

99 

n 

0 

0 

0 

70 

t{ 

100 

13® 

0 

0 

98 


(C 

1 

13® 

0 

0 



it 

2 

18° 

0 

90 



Average length of promy- 
colia and sporuhn 30m 

8 

18® 

0 

92 



it 

4 

20“ 

0 

90 



“ 10 M 

5 

20" 

0 

9o 



(( 

6 

2i® 

0 

80 



“ 100 M 

7 

24® 

0 

91 



it 

8 

27® 

0 

82 



“ 40 M 

0 

27® 

0 

90 



it 

10 

32“ 

0 

trace 



Few abnormal germ tubes 

11 

32® 

0 

,0 




^Spores sown on distilled water April 4 at 20® C and transferred to wheat plant de¬ 
coction and to incubators April 10. 
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lion lhrou{ 2 ,liou( the ran}>,o, 18 to 27° C. Uiulor these eomlitioiis the 
maximum tc'mperature apparently is just below 32° C, and the mininiiim 
temperature is between 0 and 5° C. (Tab. 3). 

It will 1)0 observed that spores germiimtod vigorously at 27° C; hut, 
from previous tests, it is known that constant incubation at temperatures 
above 25° (' is (‘xtrcmcly unfavorable to spore germination. From the 
practical standpoint, however, it is interesting to note that germination 
may occur within a comparatively wide range of temperatures, but that 
the pre\’ious history of the spores immediately prior to germination has a 
considerable influence on their subsequent behavior. 

It thus appears that s]3ores which are incubated at fixed temperatures 
have lower optimum and maximum temperatures for germination than 
those which are noted for spores which have been presoaked at low 
temperatures before exposure to a range of temperatures. 

Under fiedd conditions the spores are subject to a constantly changing 
environment, and it is apparent that their behavior must vary consid- 
eraljly from that which might be assumed from laboratory tests, in 
which the spores arc only exposed at fixed temperatures for extended 
periods. 

In the absence of moisture the spores will withstand much higher 
temperatures than those recorded above for spores in the presence of 
moisture, although the extreme limits in the former case have not been 
determined. In the presence of moisture, however, it is noted that thos(‘ 
temperatures which permit a period of prcsoakiiig at comparatively low 
temperatures considerably extend the temperature range within which 
germination may occur. 

RELATION TO OXYGEN SUPPLY 

I 

In preliminary tests it was found that the spores of U. trilid rarely 
germinated wlu'u totally immersed in the medium in which they wore* 
sown. This fact is generally attributed to the lack of oxygen, and has 
been frequently noted by investigators for other types of spores. The 
results of Melhus and Durrell (4) with urediniosporos of Puccinia coronaUi 
Cda. are quite charaetoristic of the general experience. Duggar (1) has 
also referred to the phenomenon in connection with the germination 
of the spores of certain of the Basidiomycctes. 

In tests with spores of U, tritici it was found that those which wore 
totally submerged in distilled water would germinate almost as readily, 
and to practically the same extent, as those which were sown on the 
surface, on receiving a suitable stimulus after a prosoak period. 
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There was a distinct tendency for the promycelia of the totally sub¬ 
merged spores to become abnormally elongated before producing sporidia. 
The average length of the promyeelium produced by submerged spores 
was approximately 70 microns, while the average length of the promycelia 
developed by spores on the surface was approximately 30 microns. 

Subsequent growth, however, was more rapid on the surface, where 
the sporidial germ tubes grew to a length of from 150 to 180 microns 
before any change was observed in the sporidia produced by the totally 
submerged spores. 

SOME MOEPHOLOGIC FEATURES OF THE GERMINATION OF SPORES 

OF UROCY&TIS TRITICI 

IVIcAlpine (3) has described the spore form and also some of the fea¬ 
tures of spore germination. On germination each spore of the spore ball 
may produce a promycelium. Frequent splitting of the spore wall was 
observed (Figs. 1, a, c, d, and f), although this was not noted in all cases. 
Under normal conditions the promycelium usually attains dimensions 
of about 20 to 30 by 5 g, although in one instance the promycelium grew 
to a length of 70 yt before forming sporidia (Fig. 1, k and Fig. 2, o); 
then at the tip there are formed a number of small protuberances (Fig. 
1, b and pi. X, fig. 1), which elongate to form a whorl of from 1 to 6 
sporidia, 2 to 4 being most frequently found. The sporidia are somewhat 
cylindrical in shape, and, when fully formed, are usually about 30 by 
5 g in size. At first the young sporidia remain aggregated at the tip of 
the promyeelium, but, as growth proceeds, they gradually diverge to 
form a series of finger-like protuberances. Further growth most fre¬ 
quently is manifested by a prolongation of the sporidium while still 
attached to the promyeelium (Fig. 1, j and 1). Sometimes additional 
“buds” may be formed at the tip of the promyeelium at the base of the 
whorl of sporidia (Fig. 1, c, g, h); and these may bo prolonged into 
germ tubes before any are produced by the first formed sporidia (Fig. 
1 , 1 ). 

These prolongations, which may be considered as germ tubes or 
infection threads, have b«en observed to grow to a length of about 900 (i.. 
They are fairly constantly about 2 or 3 microns wide. The protoplasm 
becomes concentrated at the tips, while, at the same time, the remainder 
of the mycelium may become multicellular (Figs. 1, j and 2, o). When 
the septa are formed, however, the cells are devoid of protoplasm. 

Fusion of sporidia was noted several times (Fig. 1, d, e, f, and n); 
and occasionally there also was branching and fusion of the germ tubes 
(Fig. 1, T). 
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Under some conditions of germination other irregularities were ob¬ 
served. Occasionally no spoiidia wore developed, but the promycelium 



Fto. 1. Germination of spores ol Urocyitia tritici: a-f, X 460; g-h, X 330, i-n, 

X 260. (Camera lucida drawings.) 

developed into a germ tube (Figs. 1, m and 2, q and u). In one case a 
secondary promycelium was produced instead of a sporidium. This 
grew to a length of about 60 p, and then produced a number of protuber¬ 
ances which may bo considered as sporidia (Fig. 2, p). 


136 


PH1.T0P4.1II0L0&1 


[^0L 13 


Sometimes piiticul iilj when spoies ^cimmite I T.t hi,,h tempei itmes 
prom^cdla A\(.ie loimcd I iit no noimal spoil hi iitic pioclucetl the 



Fir 2 Geinunation of spoies of Ujocjatis taxiucn, Less normal type o, p r 
s t V X 330 q u X 460 (C-imera lucida draunngs) 

mycelium merely branched in an nregulai maimer (Fig 2 s and t) 
Several times a portion of the piotoplasm was cut off m an offshoot 
from the promjcehum (Fig I, g and h) 
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Thus ii is soon thiil 1hor(‘ may ])o coiisicloral)lo varialiou on the chni’- 
aotor of tlio gorminalion of the hporos of Urouj.sti't tntici. 

DLSCUSSTON AND f'ONCLUSIONS 

The first prociuisite to the dov'olopmoiit of a disease is the inoculum. 
It is very evident, however, that susceptilde plants may be inoculated 
with aljundant inooulnm but yet infection may not occur. 

This fact often has been noted with respect to flag smut of wheat. 
Even though soil may be heavily infested with the spores of the causal 
organism, a clean crop sometimes may be grown. Under other conditions, 
hoAvev('r, a relatively small amount of inoculum may be sufficient to 
cause a serious outbrc'ak of the disease. 

The spores of [IroctjUis h itici have been known to germinate capric¬ 
iously. In fact, it has been difficult to make pathogenicity studies on 
account of the errati(‘ behavior of the spores. 

It has sometimc's seemed almost impossible to reconcile the abundant 
developmt'iit of smut in the field with the apparent lack of viability of 
spores. Soil temperature, soil moisture and aeration are known to 
affect greatly the d('velopment of some smut fungi. But the evidence 
obtained from field oliservations and from spore germination studie.s 
seemed to indicate that these factors alone wore relatively unimportant 
in influencing the infection of wheat by (7. tritici. 

It sei'ined, therefore, that a sequence of circumstances occurred under 
natural conditions which were not duplicated in experimental trials. 
Many unsuccessful attempts were made to hit upon the right combina¬ 
tion until it was found that something in plant tissues, and, to some ex¬ 
tent in soil infusions, stimulated spore germination in a most remarkable 
maiiiKT. The stimulating substances must be present at the right time 
and in appropriate^ concemtrations in order to produce the maximum 
effect. This is indicated particularly by the fact that th(‘y arc not 
effective unless the spores have been presoaked. Neither are they 
effective wheui the spores have been in water too long nor when they 
have been kept at an unfavorable temperature. The substances are 
volatile and appear to Im diffusible, at least from the rootlets of young 
wheat seedlings. 

Soil moisture, soil temperature, soil aeration, and the presence of a 
stimulatory substance at any given time may not be necessarily con¬ 
ducive to infection, It would appear that these factors must operate 
in the proper order and must be correlated chronologically. Sometimes 
the factors may operate together in nature in such a mannor as to 
cau.so the development of flag smut epidemics. 
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8mce the spores of U. tritici may retain their vitality in the soil for 
several years, it is possible that they may be stimulated to germinate 
by suitable cultural methods; Ihc incorporation of some non-susceptible 
crop of the right kind in the rotation system, and the practice of “green 
manuring'' might be expected materially to decrease the amount of 
inoculum in the soil between successive wheat crops. 

It is desirable that further studies be made, especially on the factors 
governing spore germination in the field. Time of planting is frequently 
of great importance under Australian conditions. Further information 
on the temperature-moisture relationships imder field conditions might 
reasonably be expected to yield data which would suggest fm^ther modi¬ 
fication of present cultural practices. 

SUMMARY 

1. Extensive spore germination studies were made on Ihc spores of 
Urocystis tritici Koern. Practically no spores germinated in ordinary 
nutrient solutions. At the end of from 4 to 16 days usually only a few 
spores had germinated in distilled water. Changes in hydrogen-ion 
concentration and in surface tensions of media appeared in themselves 
to be of little importance. 

2. When small portions of young wheat plants were added to distilled 
water in which the spores had been presoaked for several days, from 
70 to 95 per cent of the spores germinated. 

3. Presoaked spores germinated when they were transferred to 
wheat plant infusions of appropriate dilution or to a distillate obtained 
from these infusions. 

4. The stimulatory substances are volatile, but their exact nature 
has not been determined. 

5. Young tissues of otlicr cereals and a number of other plants also 
stimulated spore germination. 

6. Uninjured wheat seedlings stimulated germination of prosoakod 
spores, as weU as did the cut tissues. 

7. After spores had been soaked in water for 28 days, they still re¬ 
sponded to some extent to stimulating substances. 

8. The minimum temperature for spore germination apparently is 
about 6® C. The germ tubes, however, will grow at 0® C. The maximum 
temperature appears to be a little less than 32® C. The optimum tem¬ 
perature for spore germination appears to be between 18 and 24® G. 

9. The effect of temperature on spore germination varies with the 
previous treatment of the spores. When a stimulating substance is 
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added to sporch which have been prosoaked for 6 days at 20® C the 
oplininm temperature for growth of the germ tubes is about 24® C. 

10. Spores which have' not been prosoaked germinate most quickly 
at about 18® C. AVIien they are kept at temperatures of over 24® C. 
for a {‘onsiderable length of time, they respond less readily to substances 
which stimulate germination. 

11. After total imnn'rsion in distilled water for several daj'S at 20® 
r, the spores germinal ed readily on the addition of plant tissue. Growth 
of promycelia was slightly slow'er than at the surface of the medium. 

12. Cultural practices may result in germination of spores in the soil, 
in a maimer similar to that indicated in laboratory experiments. 

13. There may be considerable variation in the morphologic features 
of the promycelia and of the sporidia, according to the conditions under 
which germination occurs. 
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AX i:\IPORTANT PERIOD IN THE LIFIO HISTORY OF TWO 
BACTERIAL ORGANISMS CAUSING LEAF-SPOTS 

ON TOBACC^O. 

VT. D. V viiLE w. 

With One Fiotikb in the Text 

Aiif>,ulni‘ l«if-s]iot and wiklfiro of tobacco are two leaf-spot di&ea&es 
which have been of coiLsideralilo economic importance in Kentucky 
since J 920. In 1920 and 1921, and 1 o a less ext mit in 1922, tli(‘se bacterial 
diseases caused miicli damai^e in plant beds and serious losses in the field. 

Observations of numerous diseased plant beds and fields indicate that 
plant iDcd infection practically alwaj'^s precedes field infection and that 
disease-free plant beds generally produc(‘ diseas<‘-free plants in the field. 
Control of the diseases, therefore, depends on their elimination from 
the plant bed. The various sources of plant bed infection are not yet 
definitely known but the work of Fromme^ leaves little doubt (hat the 
organisms may enter the plant beds on the seed. It is also likely that 
they may be introduced on the feet of laborers who have been working 
in infected tobacco trash, as Clinton and McCormick* liave shown that 
the wildfire organism may live over winter in cured tobacco. We have 
some evidence tliat the angular leaf-spot organism, at least, may live 
in the soil for considerable periods of time. 

Because of the numerous poHvSibie sources of infection, seed treatment 
as suggested by Fromme cannot be expected to be efiicieiil except under 
well controlled conditions. These aie hard to obtain when the pre¬ 
paration of the beds is left to untrained hidp. As a conseiiueuce, it is 
desirable that methods of control be devised which will prevent develo})- 
meut of the organisms in the plant bed entirely, no matter how introduced, 
and thus completely prevent plant infection. 

Spraying and dusting with various copper eoiniioimds* have bt'on 
suggested as means of control and appear to be cflective to a considerable 

^Fronirae, F. D. and S. A. Wingard. Treatment of tobacco seed and suggested 
program for control of wildfire and angular-spot. (Abstract) Pliylopatli. 11: 48-49. 
1921. 

* Clinton, G. P. and F. A. McCormick. Wildfire of tobacco in Connecticut. Con¬ 
necticut Agrio. Exp. Sta. Bull. 239:395-423. PL JQ~32. 1922. Literature, p. 422-423. 

‘Chapman, G. H. and P. J. Anderson. Tobacco uildfire. Massachusetts Agric. 
Exp, Sta. Bull 203: 67-81. PI. 1. 1921. 
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(lea,rco at least. In order to be entirely satisfactory, control must be 
complete, us tli(‘ introduction into tlie field of only a few plants infected 
A\itli either tin* wildfire or aiifjiular leaf-spot organisms appears to be 
.sufficient, if wi'atlier conditions are favoraldo to spread, to infect large 
lilautings. In other words, the treatment should prevent absolutely 
the appearance of the diseases on the plants. This necessitates a more 
accurate knowledge of the life history of these organisms in the plant bed. 

The purpose of this not(‘ is to record the ob&crvatioins of the writer 
on the method of primary infection of young tobacco plants in the plant 
bed and its bearing on the life history and control of these two lcaf-s]:)ot 
diseases. 

During the past three years the writer has observed numerous cases 
of wildfii’e and angular leaf-spot in tobacco plant beds and has had 
occasion to study the process of infection of young plants. These 
observations have given little or no information as to the original 
source ot the organisms in the beds, but it may fairly be assumed that 
they were either present at the time the seed was planted or were in¬ 
troduced at that times as in Kentucky the beds are hardly touched 
between the time of solving and the first appearance of the diseases. 

The first infections nearly always occur simultaneously on a considerablo 
number of plants in a small area m a bed or possibly in several similar 
areas in the lied. They usually appear when the plants are about the 
size of a quarter. At this time the largest leaves have spread out enough 
so that their tips just come in contact with the moist soil. It is at this 
point of contact that infection occurs.^ These observations suggested 
that the causal organism w^ns introduced into the soil in sjiols, possibly 
on a seed or a small piece of toliacco trash, or in some otlu'r way, and that 
the bacteria rapidly multiplied in the soil and gradually spread out in more 
or less of a circle during the time when the plants were developing to a 
size wliere infection would be possible. As .soon as the tips of the leaves 
come more or l(‘ss permaiK'ntly in contact wit h the iuha tod soil t hey 
liecome diseased, resulting in a I’apid soft rot of (he tip portion of (ho 
leaf. From this time on, secondary infection si‘ems to be purely the 
result of mechanical condilions—splasliing, insects, movements of leaves, 
etc. The organisms may be readily spread over the remainder of the 
lied by flowing water. 

As the primary plant infections seem alwaj-'S to result from contact 
of the small leaves witli diseased soil, it was thought that control might 

‘ Clinton and ISIcConniok (1. c.) have figured and described this stage oJ the wild 
fire disease on young ])lants. 
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be eflected through the addition of toxic materials to the soil early 
enough to prevent completely multipKcation of the organisms in the 
soil. Consequently an experiment was planned in which sulfur was to 
be used as the toxic agent. A plant bed was prepared on October 23, 
1921, in the greenhouse. Pour plots were laid off in this bed. The first 
received no sulfur, the second sulfur at the rate of 500 pounds per acre, 
the third at the rate of 1000 pounds and the fourth at the rate of 2000 
pounds per acre. Flowers of sulfur was used. It was thoroughly mixed 
with the upper 34 to ^ inch of soil before the seed was sown. The seed 
used w'as a mixed lot of Burley seed obtained by recleaning the waste 
seed carried over in the process of cleaning seeds for numerous growers. 
If the seed carries infection, such a lot would be expected to be diseased 
and so it proved to be. This seed was sown in the four plots. Two other 
plots were planted in the same bed. One was sown from seed which 
had been obtained from a commercial seed grower who did not practice 
bagging the seed heads, thus exposing the pods to infection. The other 
plot was planted with a root-rot resistant strain of White Brndey from 
a bagged seed head. 

Germination proceeded normally in all the plots. After the seedlings 
were well established but before the production of the first true leaf, 
some plants in each of the plots damped off. The number of plants 
which died was in direct proportion to the amount of suKur in the beds. 
In those with none, a few plants died. In the bed treated at the rate of 
500 pounds per acre, the stand was reduced to 75 plants; where 1000 
pounds was used, 25 plants lived, whereas in the plot treated at the rate 
of 2000 pounds, only 7 plants remained alive.^ In the untreated control 
plot about 200 plants were present. The stand in plants from commercial 
seed was about 3'^ that of the control plot and about identical with that 
in the 600 pound plot. The various plots were separated from one 
another by ordinary laths set on edge and buried about half way in the 
soil. This was not sufficient to prevent some splashing from plot 1o 
plot while watering and no particular care was used in this regard. 

• The first bacterial spots were noticed on December 21,1921. At that 
time diseased plants were found in the untreated control plot and in the 
untreated plot planted with commercial seed. No infected leaves were 

^ The effect on soilnuoro-oigaoisms was also very striking in the treated plots. In 
the untreated plots the grran and blue-green algae common in greenhouses formed a 
thin mat over the surface of the soil while they were completely inhibited in the treated 
plots with the exception of two or three small spots not over two inches in diameter 
where some growth took place. In figure 1, this effect con be clearly seen in the dif¬ 
ferent color of the soil of the three plots shown. 
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found in the thiee tieated plots oi in the plot planted fiom bagged seed 
The plots were kept undei obscivation until Januaiy 12, 1922 Not a 
single suspicious spot was found in any of the three treated plots, in 
spite of the fact that theie was constantly a chance of the organisms 
bemg washed in from the neighboimg diseased plots The toxic action 
of the suKui continued to protect these plots fiom soil mfection Towaid 



Fia 1 Photogiiplit'il pnDctfmbor27 1921 of theuntieatcdcoiitiolplotshoiMng 
numerous disoisod lea\cb m contaoi wilh the saxl In the real a poition of the plot 
treated with buHui it the r it e of 500 Ib^i per acie At the right a portion of the untibat¬ 
ed plot planted ith c oniuiei r ml sec d A few diseased plants may be seen m it 

the end of th( pciiod of obseivition a few spots had appeared on the 
plants grown from bagged seeds but bacteiii were not demons tiated m 
any of those examined Apparently the bagged seed weie free from 
infection when sown and the soil m this plot, therefore, remained un- 
diseased at least until the plants were beyond a stage where leaf-tip 
infection could readily occur The diseased leaves in the two infected 
plots became moie numerous, makmg the plots conspicuous because of 
the unhealthy appeal ance of the plants 
The relation between the primary leaf infections and soil infection 
was very marked in the tv, o diseased plots The infections could readily 
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be traced to contact of the first, second, third or fourth leaf tips with the 
surface of the soil. In the treated plots, although the leaves were as 
frequently in contact %\ith the soil as in the other plots, no infection 
occurred and the leaves remained healthy (Fig. 1). In the two diseased 
plots, the plants at one time were nearly defoliated, but later as now 
leaves were produced which were more erect, the plants gradually 
assumed a h(‘althier appearance as is shown in figure 1. 

Because of the injury to the stand in the treated plots, the writer 
does not recommend sulfur as a moans of controlling these diseases in 
the seed bed, but the fact seems to be established that soil infection 
occurs first and leaf infection follows, and that complete control of the 
diseases may be obtained by applications of toxic materials early enough 
to prevent multipHcation of the organisms in the soil. 

IXENTUC KY AguICULTUHAL EXPERIMENT STATION. 



PIIYTOPATITOLOCiirAL NOTES 

Screli (liunsr of sugar canr in Singapoie. In Iho Siiigaporo liotimic 
Ctardeiis on Sc'picmbor 19, 1022, the writer ol)serve(l sugar cane with 
^liortencd inloriiodeR and with abnormal development of aerial roots 
from the nodes. On culling into the cane, short red streaks were ob¬ 
served at the nodes. The leaves of the affected cane were not streaked 
or wilting as is the case with cane affected with the Java gum disease. 
The disease was similar in every way to the serch disease of Java. Only 
one cane stool was found to be clearly affected. 

Inquiry developed that the canes for tliis field had been introduced 
from Java. 

To the writer’s knowledge this is the first definite oljservation of the 
occurrence of sereh outside of Java, although it is known that Java 
canes have been introduced into Formosa and the Argentine Republic. 
It is evident that there are still a few cane breeders and sugar producers 
who are not aware of (he risks which they run hi importing cmies from 
the oriental countries; in addition to sereh, Fiji disease, downy mildew 
and cane smut are destructive diseases of sugar cane in the Orient 
which are not general in the western hemisphere as yet. 

Fiji disease especially is a devastating disease under many conditions, 
equal in effect to such diseases as chestnut blight, pear blight, or pine¬ 
apple wilt. 

The possible introduction of these diseases into the western hemisphere 
would mean not only financial losses to American sugar interests but 
ultimately increased cost of sugar to the American consumer,—H. 
Atherton Lee. 

Moitl(>~necrosis of sweet polatoes. For several years the writers have 
collected and r(‘C(‘ived specimens of sweet potatoes from various parts 
of the United Stales wiiich showed a brown, irregularly formed dis¬ 
coloration of the sweet iiotato as showii in cross section in figure 1. 
This mottling a})pearaiice cllaracteristic of this disease lias been observed 
at digging time. The patches of dead chocolate-brown tissue are more 
or less irregularly located throughout the potato. Some of the patches 
appear to be oomplctcly isolated, that is, they have no connection with 
any of the otlier dead areas in the potato. In mild cases of this trouble 
there is no evidence on the surface of any internal disorder. However, 
in more severe or advanced cases of the disease there are dead areas at 
the surface. Those dead surface spots may occur at the end or at any 
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point on the surface bet\\een the two ends (Fig. 1). A series of cross 
sections shoA\ that nectonc tissue may be found in any part of the potato. 

The exact cause of mottle-necrosis of the sweet potato is not known. 
It was especially bad m the vicinity of Washington, D. C., in the fall of 
1922 on the Tiiumph variety. A less amount was found on the Little 
Stem and Big Stem Jeisej’-s. 



Fig. 1. Rlottle-necrosib of sweet potatoes. Suiface and cioss section views at left 

and nght lespectivelj’'. 


A large number of plantings in agar plates were made from the dead 
spots. In most cases no organism was obtained from these plantings, 
A few gave bacteria, a species of Penicillium and one or two species of 
Fusarium. Plate plantmgs from specimens collected by one of the authors 
collected in North Carolina in 1918 gave Fusanum oxysporum. Inocu¬ 
lation experiments with this organism gave negative results, however. So 
far the writers have been unable to demonstrate the presence of any my¬ 
celium in the necrotic tissue in isolated spots within the potato. Fungi, 
however, have been found in the dead tissue in contact with or near to the 
surface. This disease is being fui’ther investigated by the writers.—^L. L. 
Hartbb, J. I. Lauritzen, J. L. Wbimbr. 

Internal heak down of sweet potatoes. Each year iho wiiters have 
received and collected sweet potatoes which are more or less pithy, 
A cross section shows that many of the cells of the potato have been 
puUed apart. The resultmg cavities give a more or less cottony appear¬ 
ance to the potato. There is little or no discoloration of this tissue. 
Cultures from such tissue have always given negative results. 

A mioroscopie examination of such material shows that much of the 
starch in the vicinity of the ruptured cells has been used up. Internal 
break down is most prevalent and conspicuous after the potatoes have 
been several weeks in storage. Some varieties seem to be more suscept- 
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ible than otheis The tiouble seems to be associated iMth conditions of 
storage It is more pievalcnt when the house has been kept fairly dry 
—L L Hariiir T I Lauriizen J I Weimer 
Lightning injury to tomatoe 4n mterestmg case of lightmng mjury 
was found in an cxpeiimental tomato field of the Purdue University 
Agricultural Expciiment fetation neai LaPayette Ind on July 7 the 
second day after a severe elcctiical stoim Evidence that the hghtnmg 
had struck m this vicmity was furnished by the occupants of a farm 
house at one side of this field The mjuiy to the tomatoes occurred m 
a moie or less circular aiea abo it foity feet m diamctei The plants at 
the coiiUi wcic 1 ilk 1 an 111 s ^ciit'v of the injuij became less tow aid 



lit 1 LigUti mt mj uy to tomatoes 


the outer limits of the area The mterestmg featuK was that the m 
]ured plants showed among othei symptoms typical hollow stem 
a condition characterized by the collapse of th epith m the stem —H I) 
Brown and Max W Gardner 

An mtemational conference of phytopathologists and economic 
entomologists will be held m Holland from Jime 2d to 30, 1923 Those 
wishing to attend are urged to ai range their trip so as to be at Wagenmgen 
on June 24 The committee with Dr H M Quanjer, president de- 
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sires that those wishing to read i)aper-5 send a short abstract to the 
secretary, ]Mr. T. A. C. Schoevers, llllapark 8, Wageningen. 

The committee has arranged the following provisional program: 

Monday, Jimo 2o. Presidential address of welcome and lecture on 
plant diseases. Demonstration of experiments, especially on potato 
diseases. 

Tuesday, Jmie 26. Address by hlr. van Poeteren on organization 
and methods of the Dutch Phytopathological Service. 

Wednesday, June 27. Field trips. 

Friday, June 29. Meeting at Baarn. Address by Prof. Westerdijk 
on the cultivation of parasitic fungi and demonstration of rc-'carch. 
Discussion and inspection of the international collection of fungi cultures. 

Saturday, June 30. The Hague. Informal meeting at the office of 
the Minister of Agriculture. 

English will be the official language of the conference. 

The committee in charge consists of Professor Westerdijk, Air. v. 
Poeteren, and Dr. v. Slogtercn in addition to Dr. Quanjer. 

A cordial invitation is extended to Americans. Detailed aimounee- 
ment may be expected later and meanwhile any inquiries may be ad¬ 
dressed to Dr. H. M. Quanjer, Head of the Institute for Phytopathology 
at Wageningen, Holland. 

Notice has just been circulated to the effect that Saccardo’s ‘‘Hylloge 
Fungorum” is to be continued under the direction of Dr. Montemartini. 
The first volume of the Sylloge Pungorum was issued in 1882. Since 
then 22 volumes have been published. Tw'o more volumes have been 
completed by 1. B. Traverse and A. Trotter and arc now ready for 
publication. It is requested that publications, especially those on 
mycology, he sent to the Ijaboratorio ('ritlogamico Jtaliano, Pavia, 
Italy. 

Officers for the wi'storn division of the American J*hytopalhological 
society, w'hich met in Salt Lake City, w’ere elected for the coming ]>ieji- 
nium as follow's: 

President, 8. M. Zeller, 0. A. C., Corvallis, Oi'ogon; Vice President, 
J. P. Bennett, University of California, Berkeley, C^alif.: Secretary- 
Treasurer, C. W. Hungeford, University of Idaho, Moscow, Idaho; 
Councellor, representing the Pacifiic Division, F. D. Hcald, Washington 
State College, Pullman, W'ashington. 

Personals. —Dr. H. M. Jennison, for several years assistant professor 
of botany at tho ^Montana Agricultural College, Bozeman, has accepted 
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a po.siiioii as associate professor of ])otany in the Ihiiversiiy of Tennessee, 
Knoxvilk'. He iransferrc'd to liis new position Scpteml)er 15. 

Prof. (j. 1\. Hisby, Profc'ssor of Plant Pathology at ^Manitoba Agri¬ 
cultural College, has ndurned to Wiiuiipeg after a year spent at the 
Imperial Bureau of Mycology, K(‘w, England, where he has been asso¬ 
ciated with Dr. E. J. Butler. 

Dr. Cr. 11, Lyman, plant pathologist in charge of the Plant Disease 
Survey of the U. S. Department of Agriculture, has been appointed 
Dean of the College of Agriculture of West Virginia University, Morgan¬ 
town, West Virginia, where he will have supervision of the three divisions 
of agricultural work of that institution, which include the resident 
instruction in the College of Agriculture, and the w'ork of the Agricultural 
Experiment Station, and of the Extension Service. Dr. Lyman will 
enter upon his now duties on January 1C, 1923. 

;M]’. Philip IJricrley of St. Paul, Minn., a graduate of the New Hamp¬ 
shire State (^olh'ge, and the ITniversity of Minnesota, ha^- been appointed 
Junior Plant Pat hologist, clfeet ivc July fiist. He will have headquarters 
in Washington and will a'-si'-t !Mr. Frecmuin Weiss in the investigations 
of w’art difa(‘ase of potatoes. iMr. Brierly has been employed previously 
by this Bureau for t('mporary periods in connection with work on blister 
rust control. 



THE FOUE.TH ANNUAL SUMMER FIELD MEETING OF THE 

AjMerican phytopathological society 

The fourth of the series of annual field conferences of theAmeiican Phytopathological 
Society was held in 1922, in the important trucking sections of southern Delaware. 
New Jersey, and near Philadelphia, from August 29 to September 1. The convention 
nas given over primarily to the study of diseases of vegetables, the other three annual 
summer meetings of the Society, held in 1919, 1920, and 1921, being planned 'nith 
especial reference to potatoes, fruits and cereals, respectively. 

The members of the conference gathered at Seaford, Delavrare, on the afternoon and 
evening of August 28, and the nest day Dr. J. F. Adams, of the Delaware Experiment 
Station, conducted the party on a field trip in the vicinity of Seaford. The new and 
up-to-date sweet potato storage house of the Johnson Potato Stomge Company was 
inspected. This is probably the largest sweet potato house in the country, it having a 
capacity of 125,000 five-eighths bushel baskets. Other stops w’ere made at farms where 
crops of cantaloupes, tomatoes, asparagus, cowpeas, soy beans, and especially sweet 
potatoes were seen. Of the sweet potato diseases, white rust (AHniflio ipomoeae-pandura- 
Jiae) was very conspicuous and causing more damage than is usually the case with this 
disease. Pusarium wilt {Fusarium batatatis and F. hyperoxysporum), black rot (Sphaero- 
nema fimbriatum), and leaf spot (JSeptoria bataUcola) were seen, and extreme fasciation 
ot the stems of sweet potatoes was very common in many fields. In the various sweet 
potato fields visited, the members had the opportunity to observe the influence of seed 
treatment and crop rotation on disease prevalence, as well as to note results being 
obtained from the use of different varieties and fertilizers. An ei^ierimental field of 
cantaloupes, badly damaged by hail and downy mildew (JPseudoperonospora culmms) 
was observed. Downy mildow was very severe in Dclaw'aro this season, at least 60 
per cent of the crop being lost, according to Dr Adams. In tomatoes Septona leaf 
spot {Septona lycopenioi), Fusariiun wilt {Fusarmm lycopejaici), and mosaic (uiide- 
termined) were common. The tomatoes of the vicinity were in rather poor condition 
owing to wot weather and disease. Diseases of other crops seen were asparagus rust 
{Puccinia asparagi) and the loaf spots of cowpeas caused by Cm'coapora cruetita and 
Amerosporiam oecononi'icum, A visit was made to a largo canning factory at Seaford, 
where an average of 76,000 oases of peas and 100,000 cases of catsup, chili sauce, and 
tomatoes are packed annually. Following Ibis, the party left for Philadelphia. 

The next day, August 30, was “New Jersey Day” with the program in charge of 
Dr. Mel. T. Cook. Automobiles oonvojed the party from Camden to Glassboro, 
stopping at numerous points on the way. On the farms of the Campbell Soup Company 
near Eaverton, experiments for the control of Septoria leaf spot and other diseases of 
tomatoes by the use of Bordeaux mixture and anhydrous copper dust were inspected 
At Mt. Laurel, sweet potato varieties grown on soil heavily infested with Pusarium 
were being compared for resistance to Pusarium wilt, and the relation of the prevalence 
of this disease on soil type and crop rotation was being demonstrated. One of the 
most interesting stops of the morning wmi at Marlton, where in a largo plantation of 
okra the wilt caused by VerticMium albo~airum, and certain leaf spot diseases of this 
crop were observed. The Verticillium was very abundant, affecting many plants and 
cutting down the yield to a great extent. Inadequate crop rotation in recent years 
has evidently favored the increase of the disease. At Glasaboro, the Repp Brothers 
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Company cold storjigo plant and orchards were inspected. In part of the latter the 
Insecticide and Fungicide Board of the U. S. Department of Agriculture was conducting 
some of its official tests with various commercial fungicides, and the effects of some of 
these classes of spray materials on trees were noted. 

On the evening of August 30, specialists of the U. S. Department of Agriculture spoke 
on the subject of marketing and market pathology. Mr. F. G. Robb, of the Bureau 
of Markets, discussed the various ways by which fruits and vegetables pass from the 
producer to the consumer, and explained the operation of the fruit and vegetable 
inspection service that has been conducted by the Bureau of Markets for the past 
five years. Mr. F. C. Mcior of the Bureau of Plant Industry in his talk which was 
illustrated with a number of beautifully prepared lantern slides, mentioned the losses 
from decay that are inemred between the field and the market. lie told of the methods 
of training the market inspectors to distinguish between the various decays and dis¬ 
cussed some of the important problems that arise in connection with the work. Dr, 
L. L. Harter of the Bureau of Plant Industry in his paper on “Research problems in 
plant pathology and their relation to the transportation and marketing of perishable 
vegetables," brought to the attention of the conference some of the research that 
already has been done on the relation of storage conditions to the development of decay- 
producing organisms. He showed the need for further investigation of this kind, 
and emphasized the great desirability of further cooperation between the plant patholo¬ 
gist and the market investigator. 

August 31, “Market Pathology Day," which was spent entirely in Philadelphia, 
was full of interest. Under the leadership of F. G. Meier the party visited the Pennsyl¬ 
vania Cold Storage and Market House at 30th and Chestnut Streets; the Dock Street 
Wholesale Market; the auction piers of the Pennsylvania and Baltimore and Ohio 
railroads, located at piers 11-16 on the water front; the auction market oi)eratod in 
connection with the piers; the Pliiladelphia offices of the Bureau of Markets of the U. S. 
Department of Agriculture; and the Reading Terminal Market and cold storage 
rooms. This series of inspections gave the members of the conference an excellent 
idea of the complicated process of marketing fruits and vegetables from the time they 
come into the city until they reach the hands of the consumer. They wore also able 
to familiarize themselves with the important work that is being done by the Bureau 
of Markets of the U. S. Department of Agriculturo. 

“Bustleton Day," September 1, was in charge of Dr. W. S. Beach of the Pennsyl¬ 
vania Agricultural Experiment Station. In the automobile trip through the extensive 
trucking sod ions near Bustleton, a groat variety of vegetable crops wore seen,—colory, 
rhubarb, spinach, lettuce, Lima bean, cantaloupes, horso-raiUsh, parsley, tomatoes, 
cabbage, and sweet com, as weU os numerous other truck crops being grown there in 
large quantities. On account of this diversity of crops a large number of diseases wore 
to be seen. Among the commonest w'ore late blight {Septoria petroaelini) and early 
blight {Cercoapora api%) of celery; crown rot {PhytopMhora endortm), leaf spot (Phyl- 
losticta) and anthraonose (Colletotrichum) of rhubarb; pod blight (Diaporthe phaaeolo- 
rum), downy mildew (Phytophthora phaacoh) and other pod and leaf spots of the lama 
bean; black rot (Bacterium campestre) and soft rot (BacaMua cqrotovonta) of cabbage 
and lettuce drop (ScleroUma $pp.)> A visit was made to the Research Laboratory of 
the Pennsylvania Agricultural Experiment Station at Bustleton w'here Dr. Beach 
explained the work that is being conducted. Lettuce plants artificially inoculated with 
■Bclerotinia viinor, and rhubarb infected with different species of Phytophthora, were 
of especial interest at the laboratory. Experiments for the control of celery leaf diseasos 
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(Septoiia pitio^tilnn aud Ca'cospma apii), dowTiy mildew of Lima bean {Phytophthom 
pfiaspoli), lettuce diop (Sclorottyna imnor and S. libtHwiia), and rhubarb crown rot 
{Phytophthom cactonuu) weie inspected. 

As ^as the case with the other annual field conferences, the society was fortunate 
in having present a number of jilant pathologist'> and botanists from other countiics. 
Dr. I. B. Pole-Evans, Chief of the Dmsion ol Botany, Department of Agriculture, 
Pretoiia, Union of South Aiiica, aud Sonor Alfonso Madariaga, of the Department ot 
Agricultuie of Mexico, were officially designated by their governments to come to this 
coimtry for the purpose of attending the confeience. Other visitois of note weio 
Dr. Seiya Ito, Hokkaido Imperial University, Sapporo, Japan, Dr. Takowo Hemim, 
Kyoto Impeiial University, Kyoto, Japan, Dr. Rudolph Kuraz of the Czechoslovakian 
Legation, Washington, D. C , hir. Carlos A. Vallejo of the Argentine Embassy, Wash¬ 
ington, D. C., Mr, R. J. Noble of Australia, Mr. N. G. Teodoro, Depaitinent of Agii- 
culture and Natural Resources, Manilla, Philippine Islands, Mi. G. O. Ocfeuiia, College 
of Agriculture, Los Ranos, Pliilippino Islands, Dr. G. Boyle of the Department of 
Agriculture and Technical Instruction for Ireland, and Mr. D. Borodin of the Russian 
Agricultural Bureau, New Y^oik City. The meeting was full of interest and those who 
attended, between sixty and seventy-five in number at various times, found it an ex¬ 
tremely profitable occasion. The pathologists of Delaware, New Jersey, aud Pennsyl¬ 
vania, who had the program in charge, the local grow’ers, county agents, and others, 
who assisted by furnishing automobile transportation and in perfecting nriangements, 
the officials of the Pennsylvania Railroad, the Reading Terminal Market, and the Ik 
S. Bureau of Agricultural Economics, who rendered valuable service ou Market Patho¬ 
logy Day, all deserve much credit, and have the thanks of the entire Society for making 
the meeting such a completo success.—R. J. H-vsKciiii, Scoretaiy’, Advisory Boaid, 
American Plant Pathologists. 

The Fib) umy "ILumber of PhytoiKithulogywnhuswdFibiwuij 17, JfJ23. 
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EXPERIMENTS WITH HOT WATER, FORMALDEHYDE, 
COPPER CARBONATE, AND CHLOROPHOL FOR 
THE CONTROL OF BARLEY SMUTS 

W. H. Tisdale, J W. Taylor and Marion A. Griffiths 

INTRODUCTION 

The smuts of ])nrl(‘y, loose smut caused by Vstilago nuda (Jens.) Kell, 
and Sw., and covered smut caused by Ustilago hordei (Pers.) Kell, and 
Sw., cause consid(‘rable annual loss to the barley crop of the United 
States. According, to authoritative investigations the loose smut of 
barley behaves very much like the loose smut of wheat. It will not be 
necessary to give a history of these investigations here. An adequate 
discussion is given by Freeman and Johnson (4) who also report the 
results of their own studies which confirm the results of previous in¬ 
vestigators. The loose smut infects the grain at flowering time or soon 
afterwards. The spores from smutty heads lodge within the glumes of 
normal heads wlu'n the glumes are open at the flowering period. These 
spores germinate and infect the young ovaries immediately or l)efore 
t hoy are one-tliird grown. The fungus remains within the seeds through 
maturity and until they are sown, when it revives from its state of dor¬ 
mancy as the seeds germinate and grows up through the young plants, 
causing the abnormal or smutty heads. 

Covered smut of barley is similar to l)uut of wheat and the smuts of 
oats, so far as infection is concerned. The smut spores are carried ex¬ 
ternally or within the glumes on seed from infested fields. Infection 
takes place through (he coleoptile of the young seedlings shortly after 
the seeds germinate. The fungus grows up through the plant and 
produces smutty heads. A description of the symptoms of the barley 
smuts will not be given, due to the fact that they have been adequately 
described by various authors. 

The purpose of this paper is to discuss the results obtained l^y the 
use of various seed troatmouts for the control of these barley smuts. 
Special consideration has been given the formaldehyde and modified 
hot-water treatments. The modified hot-water method has been con¬ 
sistently recommended for the control of the loose smuts of barley and 
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wheat. Jenseu (7) devised and used this method in Denmark in 1887; 
two y^irs later Kellerman and Swingle (9) recommended its use for the 
control of oat smut in the TJmted States. For the control of covered 
smut of barley the formaldehyde or other methods of surface sterilization 
have been recommended. Bolley (2) in 1897 was the first in the United 
States to recommend the use of formaldehyde for the disinfection of seed 
gram. Many methods for applying these treatments have been devised 
since they were introduced. The hot-water method generally has been 
recommended where the seed is known to carry both loose and covered 
smuts. 

PEESBNT INVESTIGATIONS 

Modified Hot Water and FormaZdehyde 

With the hopes of ascertaining more decidedly the limitations of the 
efficiency of the modified hot-water and foimaldehyde treatments for 
the control of the barley smuts a series of studies was begun by the Office 
of Cereal Investigations, United States Department of Agriculture, at 
Arlington Farm, Virginia, in the fall of 1919. Numerous methods of 
applying hot water and formaldehyde were employed and the treated 
seed was sown in a rod-row series. At the same time, heavily smutted 
seed of three varieties of barley, Han Elver. Tennessee Winter, and 
Texas Wmter, were sown in duplicate in one-fortieth acre plats after 
bemg treated as follows: 

(1) Presoaked seed 4 to 6 hours in cold water and immersed for 10 
minutes in water at 62® C. and spread to dry. A 13-minute dip in hot 
water (62® C.) generally is recommended (6, 8). 

(2) Immersed seed 10 minutes in a formaldehyde solution containing 
1 part of a 37- to 40-per cent formaldehyde solution in 320 parts of water, 
covered overnight and spread to dry. A longer period of soaking has 
been recommended where the seed is not covered before drying (6, 8). 

(3) Sown without treatment. 

The results obtained in the rod-row experiments were not sufficiently 
promising, when compared with methods in common use, to warrant a 
continuance of these tests after the second year, but the results secured 
in the one-fortieth acre plats proved to be of considerable interest, due 
to the fact that seed treated with formaldehyde produced plants as free 
from loose smut as did seed from the same source treated with hot 
water. Humphrey and Potter (6) in 1918 mentioned the fact that 

1 The writers are indebted to Dr. Geoi^e M. Reed, formerly Pathologist in Chaj^ 
of Cereal Smut Investigations, Office of Cereal Investigations, who outlined these 
studies and supervised the work in its earlier stages. 
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loose smut of barley is moie or less controlled by the use of the formalde¬ 
hyde treatment. In the fall of 1920 and 1921 five varieties were in¬ 
cluded in these experiments, as there seemed to be some varietal difference 
in the behavior toward these treatments In the fall of 1920, however, 
hot water was used only on Tennessee Winter, the idea being to concen¬ 
trate on the formaldehyde treatment. The sowings were made each 
year during the first week in October so as to insure the greatest possible 
uniformity as to time of sowing. AU of the seed used in these experi¬ 
ments was grown on Arlington Farm, Rosslyn, Virginia, the season pre¬ 
vious to sowing. The same methods of harvesting and thrashing were 
used in each case and the seed was stored in bags in the same shed until 
time for sowing. Table 1 shows the results of these experiments with 
the average yields in bushels per acre obtained in each case. 

The averages given in table 1 show that formaldehyde was just as 
effective in controlling loose smut of barley as was the modified hot- 
water tealment, while it was less effective in most cases in controlling 
the covered smut, for which it has been recommended. As is further 
shown in this table, little was gained in the way of 3 delds by the use of 
either treatment. Some of the averages show gains while others show 
losses, and on the whole the differences are about balanced. 

The results in table 1 show very clearly that there is a varietal dif¬ 
ference in the reaction of the barleys to these seed treatments, especially 
in so far as yields are concerned. This conclusion is considered justi¬ 
fiable in view of the fact that aU the seed was grown on the same farm 
and handled in the same way previous to the treatment. In every case 
Tennessee Winter yielded better where the seed was treated, while the 
yields of Wisconsin Winter and Cusado wore decreased without exception. 
Texas Winter was included in the experiment only one year and gave 
increased yields from both treatments. The yields of Greece and Han 
Eiver were increased in some oases and decreased in others. Evidently 
the nature of the seed of the different varieties renders them more or less 
subject to injury by those treatments. These data lead us to conclude 
that different modifications of these treatments will be necessary for 
different varieties of barley, if seed injury is to be avoided. On the 
other hand, there seems to be little probability of obtaining satisfactory 
smut control by the use of less severe applications, as covered smut is 
not controlled satisfactorily by the methods used. These treatments 
appear to be satisfactory for Tennessee Winter, and, perhaps, for Texas 
Winter, but they would not be considered applicable to the other varieties 
employed in these tests. 
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Chlorophol and Copper Carbonate 

In the fall of 1921, two other disinfectants^ chlorophol, an organic 
mercury compound, and copper carbonate, were included in the agents 
used. Chlorophol is closely relal cd to the mercuric compounds, Uspulun, 
which has been used in Germany since 1914 (11) or earlier, Germisan, of 
more recent discovery (1), and others of somewhat less value. These 
compounds have met with success in Germany where they are replacing 
the formaldehyde and copper sulphate methods for the control of grain 
smuts and certain other diseases. According to the several German 
publications on the subject, these mercury compounds cause no seed 
injury, but produce a stimulative effect. Copper carbonate was first 
used in Australia by Darncll-Smith (3), who obtained good results in 
the control of bunt of wheat. Satisfactory results have been obtained 
in the control of bunt of wheat in this country by Mackie and Briggs 
(10) and Heald and Smith (5). Only two varieties, Han River and 
Tennessee Winter, were treated with these compounds. Heavily smut^ 
ted seed was used for these experiments, as also for the hot-water and 
formaldehyde treatments. All the seed used in the fall of 1921 was 
smutted artificially with covered smut, in addition to having been taken 
from seed lots showing heavy natural infestation. 

Copper carbonate (C.P. basic) dust was shaken with the grain in a 
closed jar until there was a thin film of the dust over the surface of each 
kenicl. Enough carbonate was added so that a small residue remained 
in the container, thus insuring a thorough application. 

Chlorophol was used as a solution. The grain was soaked one hour 
in a 0.3 per cent solution and spread to dry before sowing. This strength 
was found to be effective in the control of oat smuts in preliminary ex¬ 
periments. 

The results with these now treatments are so striking it seemed well 
to include them, even though they represent only one year of experiment. 
The results with copper carbonate indicate that this dust, though not 
injurious to the seed, will not satisfactorily control barley smuts under 
these conditions. The results with chlorophol, on the other hand, con¬ 
firm the results obtained in Germany by the use of closely related organic 
mercury compounds, in that it causes no seed injury and, at the same 
time, gives an cxocUent smut control, averaging better than any other 
treatment, while the yields are very good. Tables 2 and 3 show the 
results of these experiments in comparison with those from the hot- 
water and formaldehyde treatments, and with untreated seed. Per¬ 
centages of field germination given in these tables were obtained by 



158 


Phytopathology 


[VoL. 13 


sowing 400 kernels from each treatment in the field on October 12, and 
counting the resulting plants on November 22. The percentage of field 
stands were estimated the following spring on the basis of the amount 
of space occupied by plants. 


TABLE 2 —Remits showing compataiive value of seed treatments for the control of loose 
and covered smuts of Han River and Tennessee Winter 
barleys at Arlington Farm, Va., in 19SS. 


PL 

no. 

Variety 

Treatment 

Percent' 
age of 
field ger¬ 
mination 

Percentage 
of field 
stand in 
spring 

Per< 

of 

Loose 

ventage 

smut 

Covered 

Yield 
bu. per 
acre 

2 

Han Hiver 

Untreated 

61.5 

98 


11.1 

65.8 

3 

(C.I. 2163) 

Copper carbonate 

72.2 

95 

2.2 

6.4 

64.6 

4 


Chlorophol 

68.0 

98 


1.3 

61.2 

5 

tt 

Formaldehyde 

65.0 

85 

trace 

5.16 

47.7 

6 

ft 

Hot water 

62.0 

95 

0.2 

2.5 

57.2 

24 

tt 

Untreated 

61.5 

75 

0.15 

2.7 

38 0 

25 

ft 

Copper carbonate 

72.2 

92 

0.85 

2.77 

'35.7 

26 

tt 

Chlorophol 

68.0 

95 

trace 

0.2 

47.6 

27 

a 

Formaldehyde 

66.0 

75 

0.28 

6.7 

30.2 

28 

** j 

Hot water 

62.0 

63 

trace 

0.35 

38.4 

7 

TennesseeWinter 

Hot water 

77.2 

95 

0.6 

2.6 

48.1 

8 

(0.r. 257) 1 

Untreated 

78.7 

100 

1.6 

4.7 

48.5 

9 

tt 

Formaldehyde 

76.2 

95 

0.2 

2.4 

50.4 

10 

it 

Chlorophol 

80.7 

100 

trace 

0.1 

58.7 

11 

ft 

Copper carbonate 

82.2 

98 

0.9 

1.9 

53.3 

12 

if 1 

Hot water 

77.2 

98 

0.0 

0.1 

60.4 

29 

tt 

Untreated 

78.7 

98 

0.6 

1,86 

46.7 

SO 

tt 

Hot water 

77.2 

95 

0.0 

0.38 

46.2 

31 

tt 

Formaldehyde 

76.2 

9S 

trace 

2.6 

54.6 

32 

it 

Chlorophol 

80.7 

99 

trace 

0.2 

66.4 

33 

tt 

Copper carbonate 

1 82.2 

1 98 

3.6V 

5.26 

60.4 

34 

tt 

Hot water 

77.2 

92 

0.2 

3.2 

40.9 


The results given in tables 2 and 3 show that in these experiments 
cMorophol was the most satisfactory treatment used. Field germinations 
were better with copper carbonate; but field stands in the spring, esti¬ 
mated on the basis of space occupied by plants, showed chlorophol to 
be superior in each case. This advantage is effectively shown in the 
yields. Even though the percentages of loose smut are very low, the 
results show that chlorophol was about as effective in controlling this 
smut as was formaldehyde or hot water and much more effective in the 
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TABLE 3— Average rcavils from 3 plats showing ejects of seed treoitnevis for the control 
of smvis in Han River and Tennessee Winter barleys at Arlington Farm, Va., in 1923 


Variety 

Troatmont 

Average 

field 

germination 

Average 

field 

stand—spring 

Average per¬ 
centage smut*' 

Aver¬ 

age 

yield 

inbu. 

Loose 

Covered 

rion River 

Untreated 

61.6 

86.6 

0.6 

6.9 

46.9 

(C.L 2103) 







ii 

Copper carbonate 

72.2 

93.5 

1.5 

4.68 

45.1 

H 

Chlorophol 

68.0 

96.5 

0.3 

0.75 

54.3 

ii 

Formaldehydo 

65.0 

80.0 

0.14 

6.9 

43.4 

tt 

Hot water 

62.0 

80.0 

0.1 

1.4 

47.8 

Tennessee Winter 

Untreated 

78.7 

99.0 

1.06 

3.27 

1 47.0 

tt 

Copper carbonate 

82.2 

98.0 

2.28 

3.68 

51.8 


Chlorophol 

80.7 

99.6 

trace 

0.15 

67.6 

U 

Formaldehyde 

76.2 

96.5 

0.1 

2.45 

52.5 

tt 

Hot water^ 

77.2 

95.0 

0.2 

1.54 

48.9 


> Average of 3 plats. 


control of covered smut. The cause for the percentages of loose smut 
being higher in the copper carbonate plats than in plats from untreated 
seed is unexplained unless the increased stimulation caused the weak 
seeds, which might have been infected and otherwise would not have 
germinated, to germinate and produce smutty plants. The treatment 
may have influenced the development of the loose smut in some other 
way. The percentages are so low that the differences may be due to 
experimental error. 


CONCLUSIONS 

(1) Formaldehyde, which has been recommended for the control of 
covered smut of barley, controlled loose smut better than it controlled 
covered smut. 

(2) Hot water controlled loose smut about as well as did formaldehyde 
and controlled covered smut slightly better. 

(3) On an average, both the hot water and formaldehyde treatments 
caused seed injury and little or nothing was gained by using them. 

(4) There is a varietal difference in the behavior of barleys toward 
seed treatment. These treatments might be recommended for the con¬ 
trol of smuts in Tennessee Winter, while they could not be recommended 
for such varieties as Greece and Wisconsin Winter. 
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(5) The efficiency of these treatments may vary under different local 
conditions. Furthermore, other varieties might behave differently 
toward them. 

(6) Where the percentages of smut are not high, the results would not 
justify the use of the modified hot-water and formaldehyde treatments 
employed in these experiments. 

(7) Of the two treatments, formaldehyde is much more easily applied, 
and, according to these results, is as effiicient as hot water. 

(8) In experiments of a single year, copper carbonate dust failed to 
control the smuts of barley, and apparently caused an increase in the 
percentages of loose smut. However, it had a favorable effect on seed 
germination. 

(9) Chlorophol reduced the amoimt of loose smut, controlled covered 
smut effectively and caused an increase in field germination, field stands 
and yields of Han River and Tennessee Winter barleys in a single year 
of experiment. 

Office of Cereal Investigations, 

U. S. Department of Agriculture, 

Washington, D. C. 
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AN IMPROVED FORMALDEHYDE TANK FOR THE ONION 

DRILL 

P. J. AnDEKSON and a. V. OSMTJN 
With Three Figures in thb Text 

For controlling onion smut the only successful method which has been 
discovered is the application of formaldehyde to the seed and soil in 
the furrow at planting time. Selby^ in 1902, was the first to apply 
this by means of a tank attached to the seeder. His apparatus con¬ 
sisted of an old maple syrup can with a tin outlet tube and “a suitable 
shut-off arrangement” which was suggested but not described. Stoned 
in 1909, described a more improved copper or galvanized iron tank which 
was attached in front of the seed box and partly over the wheel of the 
Planet Junior seeder. The outlet pipe was a quarter inch block tin 
flexible pipe in the course of which was inserted a globe valve for regu¬ 
lating the flow of formaldehyde solution. In 1914, Stone’ described two 
other kinds of tanks, one which surrounds the seed box like a horseshoe 
and the other a somewhat cubical tank adjusted between the handles 
just back of the seed box. Each of these had a capacity of two gallons 
while his first tank held only one gallon. In the later models “ an im¬ 
provement over the earlier apparatus consisted in an iron rod attached 
to the valve and leading to the handles of the sower by means of 
which the operator could adjust the flow at will.” Larger tanks which 
are attached to two-row drills and to eight-row horse drills were figured 
by Fernald and Osmun* in 1916. Various other modifications in the 
shape, position and capacity of the tanks have been made by plumbers 
and practical growers in the Connecticut VaUey and are in use here but 

^ Selby, A. D. The prevention of onion smut. Ohio Agric. Exp. Sta. Bull. 181: 
50. 1902. 

* Stone, G.E. The control of onion smut. Massachusetts Agric. Exp. Sta. Cite. 21. 
Sp.,8fig. 1909. 

* Stone, G. E. The control of onion smut. Massachusetts Agric. Exp. Sta. Cure. 41. 

4 p., 4 1914, 

* Pemald, H. T. and A, V. Osmun. The control of onion diseases and thrips. Mass¬ 
achusetts Agtio, Coll. Extens. Circ. 5. 4 5 fig. 1916. 
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in principle they are all the same. Similar tanks have been used by 
pathologists in Wisconsin,^ New York, Oregon^ and other states. 

Renewed investigation on the control of smut was begun by the 
Department of Botany of the Massachusetts Agricultural Experiment 
Station in 1918. It was found at the very outset that no onion grower 
in the Connecticut YaUey could be induced to use the extreme dilutions 
commonly recommended by experiment stations and push across the 
field the weight of water which such dilutions required, viz., about 200 
gallons to the acre. Disregarding the experiment station recommenda¬ 
tions, they weie using more concentrated solutions and applying a 
smaller quantity per unit of row. The results were sometimes successful 
in controlling smut, sometimes worthless, at other times disastrous 
because they killed the seed with too great a concentration. Early in 
the investigation it became apparent that so much water was not neces¬ 
sary during ordinary seasons on the onion fields of the Connecticut Valley. 
The investigation finally resolved itself into an attempt to answer this 
question: What is the maximum concentration of formaldehyde and the 
minimum quantity of the same solution which will give profitable control 
of smut? Incidentally it should be mentioned that the onion grower 
does not object to a certain amount of injury to the seed since he can 
counterbalance this loss by setting the drill for a little more seed. A 
few extra pounds of seed is less expensive than the extra labor required 
to apply a safe dilute solution in larger quantities. The plan of the work 
was to try out in the smutted fields different concentrations of the for¬ 
maldehyde and different quantities per unit of row and then keep ac¬ 
curate data on the amount of injury to the seed and on the control of 
ssmut. By continuing these tests through a series of years it was hoped 
that the data collected would answer the question stated above. 

In order that the data obtained might be reliable, a machine was 
needed which would distribute evenly and with a fairly high degree of 
accuracy any desired quantity of solution on a stated length of row. 
For this purpose the regulating apparatus on all of tho machines which 
are mentioned above was found to be worthless. None of them had a 
valve which could be set so that the operator would know when he started 
across the field how much solution would be applied per hundred feet. 
Actual tests of the different types of tanka showed considerable variation 
in the flow depending on how full the tank was. A 14-quart tank de- 

1 Walker, ,T. C. Onion diseases and iheir control. United States Dept. Agiio. 
Stumers* Bull. 1060. iSS p., 18 jig. 1919. 

> Barss, H. P. Onion smut control. Oregon Agrio. Exp. Sta. Crop Pest and Sortie. 
Rept. 8 (1915-20): 187. 1921. 
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scribed below required more than twice as long to deliver the last quart 
as it did the first. The one-galloii copper tank first constructed by 
Stone—which is still in the possession of the Station—was tested and 
showed a difference in time of 15% between the first and last pint. 
None of the tanks previously described have any method of correcting 
this error. None of them have any provision for eliminating the error 
due to variation in the speed of the operator. In short, there were so 
many sources of error and variation in all of the machines described up 
to the present that they were found to be utterly unsuitable for accurate 



research studies and a new lank and method of regulation had to be 
devised. 

Attempts were first made to calibrate the valve in the outlet pipe 
and, by means of a semicircular dial (on the cross bar of the handles of 
the planter) with numbered notches in the edge, to set the opening in 
the valve to permit the flow at any desired speed. Knowing the amount 
of solution which he wished to apply to a unit of row, it was &st necessary 
for the operator to measure the speed at which he walked and then set 
the control lever at the proper notch on the dial. This arrangement 
was not quite satisfactory because it was necessary that the valve be 
completely closed in revolution of the spindle and no valve could be 
found which would do this with even approximately equal increments. 
There was also sufiioient “ play” or wear in the parts of the valve or the 
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control lever to introduce variations in the flow even when the lever was 
set at the same notch on the dial at successive times. A gate valve and 
other types of valves were tried but all were found to be more or less 
unsatisfactory. Finally, the valve was abandoned as a means of regu¬ 
lating the flow and was used in our improved tank only for turning the 
stream on or off. The final improved form of the apparatus, which has 



Fig. 2. Rear view of tank shoving stand-pipe and arrangement of outlet pipe. 

given satisfactory' results in our field experiments, is described below 
and illustrated in the diagrammatic text figure 1.^ 

The tank itself (A) is a 14-quart cubical galvanized iron box attached 
between the handles of the drill just back of the seed box. The bottom 

_ 1 This apparatus was completed in cooperation with the Department of Rural En¬ 
gineering and credit for the working out of the mechanieal details should be given to 
Professors C. I. Gunness and J. L. Strahan of that department. 
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of the tank is not flat but has a slight slope to a lowest point at the rear 
from which the solution is conducted through a }^-mch pipe (E) to the 
stopcock (K) and to the union (F). From there it is led through a 
inch flexible block tin tube (Cl) and distributed on the seed and soil 
just back of the seed spout and in front of the coverors. The valve (K) 
is operated by a 34^ inch iron rod (R) from the rear end of the handles. 
It has nothing to do with the regulation of the flow but merely starts or 
stops the stream at the ends of the row or wherever desired. So much 
of the apparatus is not essentially different from that used by the pre¬ 
vious investigators mentioned above. The modifications now to be 
described, however, have, so far as the writers know, never been used by 
other investigators. 



Fio, 3, TTnioii in Uio outlet pipe taken apart to show position of disk and washers. 

Also a stamped disk at the left. 



The rate of flow from the tank is regulated by a series of brass disks 
with central apcrl ures of graded sizes. The disk is held in place between 
rubber washers in the union (F) of the outlet pipe (Fig. 3). Any 
number of thcs(‘ simple braas disks may bo (luickly cut out with tin 
shears from a sheet of brass. A hole is drilled through the center of 
each disk and this is enlarged with a rat-tail file to the proper size for 
the delivery of a gallon of solution in the previously calculated number of 
seconds which the operator wishes to use. The numher of seconds 
required to deliver a gallon of solution is then stamped on the disk 
(Fig. 3). The size of the aperture needed depends on the formula of 
application wliich the operator wishes to use and the rate at which he 
walks. The number of disks which the experimenter or grower needs 
depends on the number of formulas he wishes to use and the number of 
men, of different speeds of walking, who expect to push his drill. Thus 
in our own experimental work seven different formulas of application 
were being tested and the drill was pushed at different times by three 
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operators, the first one walking 4 ft. per second, the second one 4^0 ft. 
per second and the third one 5 ft. per second. Thus before the experi¬ 
ments were completed we had 21 disks. The operator could quickly 
find the proper disk by reference to a table attached to the side of the 
tank (Table 1): 

Table 1: Indicating the di&ls of the onion drill to he used according to the speid of ii ml man 

and formula desired. 


Formula 

One gallon of 
the solution on 

4 ft. 
per sec. 

4Mft. 
per sec. 

5 ft. 
per sec. 

1- 50-30001 

480 ft. 

120 

106 

96 

1- 50-4000 

640 

160 

142 

128 

1- 50-5000 

800 

200 

178 

160 

1- 32-3000 

750 

188 

167 

150 

1- 32-4000 

1000 

250 

222 

200 

1- 64-3000 

376 

94 

83 

75 

1-12&-3000 

187.5 

47 

42 

37 5 


To illustrate; if the operator found that he walked at the rate of ft. 
per second and he wished to use the 1-64-3000 formula, a glance at the 
table would tell him to insert in the union the disk stamped with the 
figure 83. Such a large number of disks will be needed only by the 
experimenter. The practical grower would not have occasion to use 
more than two or three and could make them as desired. This method 
of regulation was found to be very satisfactory and has the advantages 
of (1) permanent accuracy; no variation with wear or play; (2) cheapness 
and ease of construction within the reach of any grower; (3) simplicity; 
no complicated mechanism to be frequently out of repair, and (4) great 
elasticity, since a disk may be quickly made to suit any desired rate of 
flow. 

The next modification was made for the purpose of correcting the 
variation in flow due to difference in head of the liquid as the quantity 
in the tank diminishes. All of the tanks which the writers have seen 
described have loose-fitting lids in the top through which the solution is 
poured to fill the tank. As the solution flows out through the outlet 
pipe the space which it leaves in the tank is immediately filled with air 
which comes in around the lid. Such an arrangement makes the rate 
of flow entirely dependent on the height of the water in the tank and as 
a result, the flow is much more rapid when the tank is full than when it is 
nearly empty. In order to determine the extent of such variation, the 

iThis formula, means that 1 pint of commercial formaldehyde was diluted in 60 
pints of water and applied to 8000 feet of onion row. 
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14-quai*t tank ju&t described was filled and the water permitted to run 
out with the lid loose or removed entirely. The time required for de¬ 
livering each of the successive quarts was determined with a stop watch 
and the average of 3 tests is indicated in table 2: 


Table 2: Rate of flow of each successive quart of liquid from 14-qt. tarik (open). 


Quart 1 

D 

2 

o 

O 

4 

1 

1 ^ 

6 

■ 

I 

9 




13 

14 

Seconds 

17,7 

1 

18. R 

19.2 


20.6 

21.6 

22.8[24.3 








Thus the operator who started with a full tank would be putting on 
the first part of the treated row double the amount which ho puts on the 
last part. The resulting control or injury would naturally show a 
similar variation. Data derived from the use of such a tank cannot be 
accurate. The variation in even the small tank described by Stone has 
been noted above. In order to make our control data reliable it was 
absolutely essential that this variation be eliminated. After considerable 
experimentation this was finally very successfully accomplished by modi¬ 
fying the tank thus: Instead of a loose-fitting lid, a screw cap (B), of 
2-inch diameter (such as is commonly used on an automobile radiator) 
is used for closing the opening in the top. When screwed down with the 
shoulder against a rubber washer, this makes the top air-tight. A 
stand-pipe (D) parallel with and as high as the side of the tank is con¬ 
nected with the air vent (C) by means of an elbow. In this way, at¬ 
mospheric pressure is maintained at the level of the vent (C) and con¬ 
sequently a uniform flow of solution is obtained irrespective of the height 
of water in the tank. The effective head producing the flow is always 
equal to (H). In order to prove that the flow is uniform, the outflow 
of each successive quart was timed just as described above but with the 
air-tight cap screwed down, and (with the no. 150 disk in the union) 
every quart from the first to the 14th flowed out in just 371^ seconds. 

Two other modifications of minor importance have been added. In 
the enlarged base of the stand-pipe there is a float (M), which consists 
of a light hollow brass cylinder which has a “play” up and down of 
about 1 inch. Attached to the top of this float is a slender brass wire 
stem (N) passing up through the narrow part of the stand-pipe and pro¬ 
jecting an inch above the top of it when the float is up but just even with 
the top when the float is down. When the stream is running from the 
tank and everything is in order, the float is down and the stem does not 
appear above the top. If, however, there is any leak in the top of the 
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tank or the operator has forgotten to screw down the cap, i. e. if the tank 
for any reason is not air-tight, the water rises in the standpipe to the 
level in the tank, the float remains up and the projectmg stem warns 
the operator that something is wrong. The float is thus a safety device 
and not an absolutely essential part. 

The second minor modification is a very small pipe (L) about 2 inches 
long inserted on the upper side of the outlet pipe. This was added when 
it was discovered that for each of certain intermediate disks there were 
two distinct rates of flow. If the pipe below the union became immedi¬ 
ately fiUed with water when the stream was turned on, it continued to 
come out in a steady stream and we had the faster rate of flow. Under 
these conditions the effective head would be (P) in the diagram. But 
at other times, even with the same disk, air gained access to this pipe 
and the water dribbled out. Then we had the slow rate of flow due to 
the head (H). Either flow remained constant but one never knew when 
he opened the valve which speed he would have. This difference in 
flow was eliminated when air was admitted to the outlet pipe through 
the small opening and pipe just mentioned. 

With this improved tank just described all chances of error due to 
variation are eliminated except one. Variation in the fate of application 
might arise from variation in the speed at which the workman pushes 
the drill; e. g., he might walk more slowly when he was tired or in softer 
land, etc. Numerous tests of the speed of different workmen at various 
times have convinced the writers, however, that a man’s speed is re¬ 
markably constant and the error from this source is small. Nevertheless, 
it would be a distinct improvement if even this small error could be 
eliminated and the practical grower would be saved the trouble of 
measuring his speed and calculating the disk which he should use. 
This could be done if the apparatus were so constructed that the amount 
of solution delivered was proportionate to the distance travelled Ci. e., 
to the number of revolutions of the drill wheel) and not dependent on 
the length of time during which the valve is open. Then the rate of 
application would be entirely independent of the speed at which the drill 
was pushed. Such a regulating apparatus, geared to the drill wheel, is 
mechanically possible and its construction has been planned at various 
times by the writers. The construction has been abandoned for various 
reasons but principally because it would be too complicated and ex¬ 
pensive and therefore less suitable for the average onion grower. For 
all practical purposes, and even for a fairly high degree of accuracy for 
experimental work, the apparatus described above is quite satisfactory. 

Mass. Ags. Exp. Station 



THE DUSTING OF WHEAT AND OATS FOR SMUT 
F.D.IIbald, G.L.Zitndbi. and L.W.Botlb 
With One FiauEB in the Text 
INTRODUCTION 

The control of bunt or stinking smut (Tilletia tritici) is the important 
problem in the wheat-growing section of eastern Washington. The 
treatment of seed wheat with bluestone or copper sulphate has pre¬ 
dominated in the Palouse region, while in the wheat-growing regions of 
central Washington formaldehyde has been the fungicide usually em¬ 
ployed. 

There are, however, objections to the use of either copper sulphate 
solution or to formaldehyde in that both fungicides impair the germin¬ 
ating power (8, p. 17 and 13, p. 25-30) of the wheat so treated. When 
formaldehyde was first introduced, about 1897, it was thought that it 
would not injure the germinating quality of the treated wheat This 
was soon proven to be an erroneous assumption. 

It has been known for a long time that much of the injmy from treating 
wheat in a solution of copper sulphate could be overcome by an after 
bath of milk of lime. Recently (14) it has been shown that the milk of 
lime is also effective in counteracting the iU effects of formaldehyde. 

HISTORICAL 

From work done in 1915 and 1916, Darnell-Smith (2) in 1917 reported 
excellent control of bunt by the use of copper carbonate dust. In 
addition to excellent control of bunt he showed that there was no injury 
to the seed. In 1919, Darnell-Smith and Ross (4) reported again on the 
use of copper carbonate to control bunt. In the latter part of 1919 
Perkins (12) criticized the work of Darnell-Smith and Ross and rather 
questioned the ofl&cacy of copper carbonate as a fungicide. In 1921 
Darnell-Smith (3) answered the objections of Perkins to the use of 
copper carbonate. The work of the Australian investigators attracted 
the attention of American investigators and in 1020 and 1921, Mackie 
and Briggs (10, 11) of CaUfomia published data confirming the work 
done by DameU-Smith and Ross. In 1922, Lambert and Bailey (9) 
again confirmed the Australian investigations and further reported 
that oat smuts could be controlled by applying copper carbonate dust 
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to the seed. Again in 1922, Heald and Smith (6, 7) in Washington and 
Coons Cl) in Michigan report good control of bnut by the use of copper 
carbonate, while the former authors have designed a special dusting 
machine which has been used wdth good results. 

FIELD DEMONSTEATIONAL WOilK 

Bunt Control .—In the spring of 1921, field demonstrations using copper 
carbonate dust for bunt control were carried out in Franklin county 
in co-operation with the county agent. The results showed the superior¬ 
ity of copper carbonate over formaldehyde. 

In the fall of 1921 in cooperation with the county agents the dem- 
onstrational work was extended to nine of the principal wheat-growing 
counties of the state, viz. Adams, Benton, Columbia, Franklin, Kittitas, 
Pend d’OreiUe, Stevens, Walla WaUa and Whitman. Over ten thousand 
acres of wheat were seeded in which the seed had been treated with copper 
carbonate, using two ounces of the powder for each bushel of wheat. 
This seed was planted in plots of varying size to compare it with the 
farmer's own treatment in which bluestone or formaldehyde was used 

It was observed that seed wheat treated with copper carbonate 
germinated from one to five days sooner, and the plants were more 
vigorous. There was very little seed injury to the copper carbonate 
treated seed. In a number of cases where seed was treated with for¬ 
maldehyde or bluestone, there was severe winter lolling, while seed 
planted in the same field and treated with copper carbonate over¬ 
wintered uninjured. 

Just before harvest (1922) each field demonstration was visited and 
the amount of smut was determined in the copper carbonate plots and 
in the parts of the field in which bluestone or formaldehyde was the 
fungicide used. Ten counts of 100 heads of wheat each were made for 
each treatment in order to determine the percentage of smut. 

The appended table (Table 1) gives the average percentage of smut 
for the different treatments in the various counties. In case no smut 
was found in the field, it was not included in the average. Eight trial 
fields in Adams County, four in Franklin, one in Columbia and two in 
Kittitas were free from smut. 

Oat Smi£t Control .—^Lambert and Bailey (9) first reported the use 
of copper carbonate to control the smuts of oats. In the spring of 1922, 
five field demonstrations were started in Skagit County, in cooperation 
with the county agent to test the comparative value of formaldehyde 
and copper carbonate. Each bushel of oats was treated with two ounces 
of copper carbonate. The standard formaldehyde treatment was used. 
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Just before harvest, the county agent, C. H. Bergstrom, determined the 
percentage of smut by making ten counts of 100 panicles each for each 
ireatment The averiigo percentage of smut in the five demonstrations 
was as follows: 

Untreated 8.0; formaldehyde 0.20; formaldehyde + lime after bath 
1.10; copper carbonate 1.17. 


TABLE 1— Summary of farm devioiintraliona slwmnq romparaiwe effectiveness of bluer- 
stone, formaldehyde and copper carbonate in the control of hunt 192'3 


County 

1 

No. of 
co-op- 
erdtors 

Average percentage of smut 


Copper 

car¬ 

bonate 

Blue- 

otone 

lihne 

Copper 

car- 

! bonate 

Formal¬ 

dehyde 

Copper 

car¬ 

bonate 

Formal¬ 

dehyde 

d-Lime 

Copper 

car¬ 

bonate 

A (lamb 

3 

10 4 

8 

1 






Franklin 

3 



1 


4.2 

.4 



Bonton 

2 

8 

.45 







Columbia 

R 

12 9 

8 5 

9 7 

<S.l 

18.1 

U. 

19.6 

6 G 

Pend Oivillo 

1 





35. 

3 7 



Stevpn^ 

5 





4.9 

2. 



Kittitas 

1 

2 2 

.2 

0.3 

.2 

1,6 

.2 

0 4 

2 

Whitman 

13 

16.5 

10.8 

14.0 

10.8 

12 9 

6.7 



Walla Walla 

12 

9.4 

9.1 



16.0 

9. 



W’ash. State Avs. 

10 9 

7.2 

11.0 

8 6 

9.1 

3.1 1 

10.2 

3.4 


* EXPEKTMENTAL W^ORK 

A series of experiments relative to the use of copper carbonate dust 
treatment for control of cereal smuts have been carried out during the 
piist two seasons. These experiments were outlined to determine the 
following points: (1) The comparative protection of various fungicides 
for stinking smuL of wheat from seed-borne spores; (2) the effect of certain 
seed treatments on prevention of bunt from soil contamination (summer 
fallow); (3) to what extent, if any, copper carbonate dust treatment for 
smut injures the seed and if extended storage before planting makes a 
difference; (4) to what extent copper carbonate dust is effective in the 
control of oat smut (Ustilago levis (K. & S.) Mag.). 

THE COMPARATIVE TESTS OP VARIOUS FUNGICIDES FOR BUNT CONTROL 

IN SPRING WHEAT 

In making these comparative tests, three varieties of seed were used, 
namely, Marquis, a resistant “vulgare^’ type, Bluestem, a susceptible 
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“vulgare” type, and Jenkins Club, a susceptible “compactum” type. 
Before treatment all the seed was artificially smutted by shaking or 
churning it in a flask with one of three different amounts of smut powder. 
(Smut powder is prepared by gi'inding smutted heads through a food 
chopper and sifting through a fine sieve.) The amounts of smut powder 
used and approximate number of smut spores carried per grain of wheat 
were as follows: 

Light smutting—0 1 gr. smut powder per 100 gr. ms. seed = 9,000 spores per grain 
Medium “ —0 4 » “ “ “ “ “ “ “ 36,000 “ “ “ 

Heavy “ —1.0 “ “ “ “ “ ‘ “ 90,000 “ “ 

Heavily smutted seed appeared Iflack and carried a much greater number 
of spores than seed used in ordinary farm practice. The dust treat¬ 
ments were applied in the same way, by shaking the smutted seed in a 
large flask with the powder. The seed was hand planted in duplicate 
rod rows, care being taken after planting a heavily smutted sample, to 
wash the hands before planting a sample of lighter smutting. At 
harvest counts were made to determine percentage of clean plants, 
percentage of partially smutted plants, percentage of totally smutted 
plants and percentage of smutted heads. 

The first series of plantings were made of seed treated with varying 
amounts (3^ to 3 oz. per bu.) of copper carbonate dust to determine if 
possible the minimum amount which could be used to obtain a practical 
maximum protection. Besides the treatments with pure copper car¬ 
bonate, hydrated lime was used as a diluent with equal amounts of 
copper carbonate. 

The maximum percentage of smutted heads produced in any planting 
of mediocre smutting, even with reduced amounts of copper carbonate, 
was 0.9, the average being 0.21 per cent as compared with 24.26 per cent 
smutted heads in control plantings of untreated medium smutted seed. 
The average percentage of smutted heads produced by heavily smutted 
treated seed was 0.97 as compared with 40.5 per cent produced by con¬ 
trols of heavily smutted untreated seed. The average for all copper 
carbonate treatments was 0.41 per cent. Chopper carbonate treatments 
of spring wheat, using two ounces per bushel, carried out in 1921 gave 
complete protection from bunt, as reported by Heald and Smith (6), 
but in our 1922 tests it required 3 oz. per bushel to give a smut-free crop. 

The second series of plantings was made with seed smutted in the same 
way but treated with various amounts of finely powdered anhydrous 
copper sulphate mixed with equal amounts of cither finely powdered 
calcium carbonate or hydrated lime. Such mixtures should produce 
copper carbonate in contact with soil moisture and were treated with the 
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TABLE 2— Resulti, in control of stinking smut, vsinq mi ions gmntUies of copper 

carbonate dust. Spring seeding 102‘’i. 


Treatment 

Variety 

Average percentage 
of smutted heads for 
three degrees of 
smutting 

Degree 

of 

smutting 

Average percentage 
of smutted heads for 
three varieties 

Copper carbonate 

Marquis 

0 

Light 

.29 

14 oz. per bushel 

Bluestem 

0 

Medium 

0 


Jenkins Club 

1.66 

Hea^’y 

1.03 

Copper carbonate 

Marquis 

0 

Light 

0 

oz. plus hydrated 

Bluestem 

.42 


.27 

lime oz. *=1 oz. 

per bushel 

Jenkins Club 

2.01 

Heavy 

2.10 

Copi>er coi’bonate 

Marquis 

0 

Jjight 

.12 

1 oz. plus hydrated 

Bluestem 

1.90 

Medium 

.41 

lime 1 oz. =■2 oz. per 
bushel 

Jenkins Club 

.38 

Heavy 

1.72 

Copper carbonate 

Marquis 

0 

Light 

0 

1 oz. per bushel 

Bluestem 

.26 

Medium 

.26 


Jenkins Club 

0 

Heavy 

0 

Copper carbonate 

Marquis 

0 

light 

0 

2 oz. per bushel 

Bluestem 

.29 

Medium 

.3 


Jenkins Club 

.6 

Heavy 

.69 

Copper carbonate 

Marquis 

0 

Light 

0 

8 oz. per bushel 

Bluestem 

0 

Medium 

0 


Jenkins Club 

0 

Heavy 

0 


idea of substituting the cheaper mixture for the more expensive copper 
carbonate. The plantings of seed treated with anhydrous copper sul¬ 
phate mixed with hydrated lime gave an average of 1.06 per cent smutted 
heads as contrasted with an average of 23.3 per cent in all untreated 
controls. The anhydrous copper sulphate mixed with calcium carbonate 
averaged 0.77 per cent, which gives it a preference over the hydrated 
lime mixture. The average for all the anhydrous copper sulphate 
mixtures was 1.4 per cent smutted heads as contrasted with 0.41 per 
cent smutted heads for all the copper carbonate tests. No complete 
protection was afforded except in the case of the highly resistant variety, 
Marquis, 
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TABLE 3 —Rcbiillb in contiol of hunt, using various amounts of anhydrous copper sulphate.^ 

Spring seeding 1923. 


Treatment 

Variety 

Average percentage 
of smutted heads for 
three degrees of 
smutting 

Degree 

of 

smutting 

Average percentage 
of smutted heads for 
three varieties 

Anhydrous copper 

Marquis 

0 

Light 

.10 

sulphate M oz. plus 

Bluestem 

1 74 

Medium 

1.8 

calcium carbonate J ^ 
oz. = 1 oz, per bushel 

Jenkins Club 

1 90 

Heavy 

1.8 

Anhydrous copper 

Marquis 

0 

Light 

.12 

sulphate 1 oz. plus 

Bluestem 

.34 

Medium 

.9 

calcium carbonate 1 
oz. = 2 oz. per bushel 

Jenkins Club 

.51 

Heavy 

.63 

Anhydrous copper 

Marquis 

0 

Light 

.42 

sulphate 2 oz. plus 

Bluestem 

1.66 

Medium 

.32 

calcium carbonate 2 
oz. =4 oz. per bushel 

Jenkins Club 

.81 

Heavy 

1.61 

Anhydrous copper 

Marquis 

.37 

light 

.90 

sulphate oz. plus 

Bluestem 

4.93 

Medium 

1.68 

hydrated lime H oz. 
s=loz. per bushel 

Jenkins Club 

.84 

Heavy 

3.56 

Anhydrous copper 

Marquis 

0 

Light 

0 

sulphate 1 oz. plus 

Bluestem 

1.25 

Medium 

.275 

hydrated lime 1 oz. 
=2oz per bushel 

Jenkins Club 

.87 

Heavy 

1.84 

Anhydrous copper 

Marquis 

0 

light 

.29 

sulphate 2 oz. plus 

Bluestem 

.64 

Medium 


hydrated lime 2 oz. 
®»4oz. per bushel 

Jenkins Club 

1.14 

Heavy 

.54 


The third series of plantings was made with seed smutted in the same 
way as the others, but treated with the Corona^ compound of copper 
carbonate for comparison with pure copper carbonate (Table 4). The 
Corona compound contained 17 to 18 per cent metallic copper as com¬ 
pared with about 50 per cent in the pure copper carbonate. The 

^ See table 4 for controls. 

* Pumished by the Corona Chemical Division of the Kttsburgh Plate Glass Company, 
Milw'aukee, Wisconsin. 



























1923] 


Heald et al: Dusting fob Smut 


175 


average percentage of smutted heads in plantings of comparative samples 
were as follows: 

oz. copper carbonate per bu'shel, 0 54 per cent snniutted heads 


1 “ “ “ “ “ 0 087 ‘ 

2 “ “ “ “ " 0 29 ‘ 

3 “ “ “ “ " 0 00 ‘ 

2 “ Corona compound “ “ 0 077 ‘ 

4 " “ " " “ 0 00 ‘ 

No treatment No. 1 .17.88 ‘ 

No treatment No, 2 .28.72 ' 


Tliis single tost, however, indicates that Corona compound has a better 
protective action than pure copper carbonate carrying an equivalent of 
metallic copper. With this series were made plantings of seed treated 
with Secd-0~San, an organic mercury compound furnished by Standard 
Seed Tester Company, Chicago, Illinois. This is also in dust form and 
applied in the same way. It did not give as good protection as the copper 
dusts in plantings of heavily smutted seed, but was quite effective in 
the plantings of light and medium smutted seed. (See table 4.) 

COMPAEATrVE TESTS OP VARIOUS FUNGICIDES FOB BUNT CONTROL IN 

WINTER WHEAT 

When planting wheat in the fall, the problem has been how to control 
reinfection of seed from wind blown smut spores in the soil. Previous 
experiments have shown nearly perfect control of smut by the use of 
bluestone, formaldehyde and copper carbonate treatments when this 
was not a factor. A series of comparative test.*? were made to determine 
the effectiveness of various fungicides in control of smut from soil 
contamination. Three varieties were used: Hybrid 128, a very sus¬ 
ceptible “compacium” type; Turkey Rod, a very resistant variety; and 
Red Russian, a rather susceptible variety. These were not artificially 
smutted as in experiments with spring wheat, but were planted in du¬ 
plicate rod rows on summer fallow which had been artificially smutted. 
The smutting was done with a band duster to insure as uniform distri¬ 
bution of the powdered smut as possible. The soil then contained far 
more smut than normal summer fallow. 

Assuming no protective action from the formaldehyde treatments 
(average 25 per cent smutted heads) all of the copper treatments showed 
a reduction (16.12 per cent smutted heads) in resulting amount of smut. 
Copper carbonate dust treatment averaged 18 per cent smutted heads, 
which is in excess of the average amount in the several tests with blue- 
stone. It is significant that the oopper sulphate sprinkle, using 1 pound 







176 


Phytopathology 


[VoL. 13 


TABLE 4— Re&ults in conti ol of slinking smut, using Cffronn compound of copper cat bonate, 
Sced-O-San, and contiols of untreated smutted seed. Spring seeding 1922 


Treatment 

Variety 

Average percentage 
of heads of three de¬ 
grees of smutting 

Degree 

of 

smutting 

Average percentage 
of smutted heads fur 
three varieties 

Corona compound 

Marquis 

0 

Light 

0 

of copper carbonate 

Bluestem 

.08 

Medium 

0 

2 oz. per bugbel 

Jenkins Club 

.15 

Heavy 

.23 

Corona compound 

Marquis 

0 

Light 

0 

of copper carbonate 

Bluestem 

0 


0 

4 oz. per bushel 

Jenkins Club 

0 

Heavy 

0 

Seed-O-San 2 oz. 

Marquis 

0 

Light 

.18 

per bushel 

Bluestem 

1 48 

Medium 

.18 


Jenkins Club 

.60 

Heavy 

1.72 

Control No. 1 un- 

Marquis 

.43 

Light 

3.63 


Blustem 

25.8 

Medium 

12 58 


Jenkins Club 

27.63 

Heavy 

39.5 

Control No. 2, un- 

Marquis 

.71 

Light 

6.52 

treated smutted seed 

Bluestem 

41.85 

Medium 

37.99 


Jenkins Club 

43.58 

Heavy 

41.04 


to 1 gallon of water at the rate of gallon per bu&hel, gave the best 
protection, while sulphur showed but little protection. 

A second series of plantings to determine the comparative value of 
various fungicides in control of smut from soil contaminatioxr was made 
in 1140 acre plots. Hybrid 128, Red Russian and Turkey Red wore 
the varieties used in these plantings. 8mut percentages were obtained 
by counting the total number of heads (1000-4000) in a drill row. It 
can be assumed that the smut (8.3 per cent) in the plantings of seed 
treated with formaldehyde 1 to 40 came from soil contamination and 
that the seed carried very httle smut, since the average for the untreated 
seed was 8,64 per cent smutted heads (Fig. 1). All the copper treatment 
showed a reduction in the amount of smut over formaldehyde with the 
best protection afforded by the standard blue-stone treatment followed by 
the lime bath. The copper carbonate dust treatment gave a reduction 
of 2.78 per cent over formaldehyde as compared with 2.28 per cent 
reduction from anhydrous copper sulphate. The results obtained with 
the spring seedings suggest that 3 oz. of copper carbonate per bushel 
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would have given an equal or better proteetion than the bluestone 
treatments. 


TABIjE 6 —-Comparative effect of seed treatments in preventing smiU in winter wheat 
planted in artificially smutted summer fallow. Fall seeding 1921. 


Treatment 

Hybrid 128 
Percentage 
smutted 
heads 

Turkey Red 
Percentage 
smutted 
heads 

Red Russian 
Percentage 
smutted 
heads 

Average 

percentage 

smutted 

heads 

Sulphur, 200 lbs. per A. 

43 2 

0 0 

20 9 

21.3 

Sulphur, 20 lbs. per bu. 

60 3 

0 1 

28 6 

26.2 

Formaldehyde 1-40 . .. 

49 0 

5 2 

23.8 

26.2 

Copper carbonate 2 oz. 
per bu. 

30 2 

3 9 

13 9 

18 0 

Anhydrous copper sul¬ 
phate 1 oz. calcium 
carbonate 1 oz. 

23. 

6.2 

21.3 

18.6 

Copper sulphate 1-6... 

G. 

4.3 

27.3 

12.6 

Copper sulphate 1-5 plus 
lime bath. 

21.3 

2.9 

22 3 

16.6 

Formaldehyde 1-40 ... 

34 4 

4.4 

32.3 

23.7 

Copper sulphate 1-1 
sprinkle. 

16 0 

I 5 

16 7 

11.03 


THE EFFECT OF COPPER CARBONATE ON GERMINATION OF WHEAT 

Besides being effective as a seed fungicide in control of stinking smut 
of wheat and oat smut, copper carbonate has no toxic effect upon 
treated seed (10, 11, 9, 6). This is of considerable advantage, since as 
stated before the commonly used formaldehyde and bluestone treatments 
injure the seed to a marked degree. Copper carbonate also has a stimu¬ 
lating effect, inducing more rapid germination and more vigorous growth. 
Since there is often a congestion of work on the farm at the period 
when treating and sowing of seed is usually done, the question arises as 
to whether seed might be treated some months previous to seeding and 
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TABLE 6 —Cwnpniaiive effects of seed treatments in pi eventing stinking smut in tnnter 
irheat planted m ordinary summer fallow, Fedl seeding 102V- 


Treatment 

' Hybrid 128 

1 

Turkey Red 

! Red Russian 

Average 
percentage 
smutted 
heads for 
three var¬ 
ieties 

Percentage 

smutted 

heads 

Percentage 

smutted 

heads 

Percentage 

smutted 

heads 

Untreated. 

17.4 

1 3 

9.8 

9 .56 

Copper carbonate 2 oz, 
poi bushel . 

r.] 0 

1 4 

3 2 

5 86 

Anhydrous copper .sul¬ 
phate 1 oz, plus calcium 
carbonate 1 oz. =2 oz. 
licr bushel. 

14.8 

0 5 

3 8 

C .30 

Copper sulphate 1-6... 

10.6 

0 6 

3.8 

4.96 

Copper sulphate l~5plus 
lime bath . 

7.1 

0 7 

3.7 

8.83 

Formaldehyde 1-40. 

18.6 

0 6 

6.7 

8.3 

Unti-eated . . 

14 7 

1 4 

7.1 

7.73 


stored without injurious effect. To dcleiiiime this point, four common 
varieties of wheat wore each treated with the standard amount (2 oz. 
per bushel) of copper carbonate dust. Comparative germination tests 
were made of this seed and untreated .seed of the same lots. Monthly 
tests were made by planting 200 seeds of each sample in flats in the 
greenhouse and counting the number of seedlings. The results (See 
table 7) show that after a period of nine months no injury resulted, 
while the treated grain shoTved an average increased germination over 
untreated seed. 

The effeciivene8,s of copper carbonate in control of oat smuts. —Oat smut 
(Ustilago levis) like stinking smut of wheat is seed-home and controlled 
by the same formaldehyde treatment. Seed injury and other disad¬ 
vantages of this treatment, being overcome by use of copper carbonate 

« 

^From an experiment in cooperation with Division of Farm Crops, Washington 
Agriculture Experiment Station. 
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1"'0 

dubt in control ot shnl in^ r.mut of -wheat sUt,gtbted possibihtics of its 
elfcctivonobb in eonti A 1 oat smut 

In mal mg this lest tic sune methods of smitfiiig ticitmg aiid 
planting the &ec 1 is dcsciil c 1 wheat wcie used Three varielics 
^woclifah Sdo t ml \lindm t loth modelatcly susceptible anl 



ii <3 1 Turl oy Red wheat fields on Nunamal or Ranoh ncu Mcidins Fianklii 
County Washington I lelds soede 1 at rate of 70 pounds in Novembe 1921 photo 
graphed May 21 1922 Light area from formaldehyde treated seed heavy stand fiom 
seed treated with copper coibonate Photo by H Sunond 

Chmese Hulless veiy subccptiblc weie used and the following thrci 
degrees of smutting were employed 

Light smutting « o 1 gr of smut powdoi per 100 grams of seel 
Medium smuttmg » 0 4 100 

Heavy smutting »= 1 0 * 100 

The copper carbonate was used m amounts equal to 2 3 and 4 oz pci 
bushel of seed 

The results (Table 8) shows the copper carbonate dust far more effective 
with the hulless variety than with the common varieties The average 
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TABLE 7— Comparative germination percent of unttcated and dusted seed of several 

varieties of wheat 


Date of 
Test 
(1922) 

j 

Jenkins Club 

Hyrbid 128 

Marquib 

Jones Winter Fife 

Un¬ 

treated 

1 

CuCO, 

Un¬ 

treated 

CuCO, 

Un¬ 

treated 

CuCO. 

Un- 

troatod 

Cu CO, 

Feb. 7 

85 

88.5 

87.5 

92 5 

89.5 

94.5 

95 

00 5 

Mar. 8 

67.6 

90 

75 

60 

96 

85 

91 

96 

Apr. 15 

81.6 


80 


84 


92 


May 8 

76 

95 

79.5 

89 5 

77 

96 ] 

84 

90 

June 24 

77 

84,5 

80 6 

81.5 

82 5 

91.5 1 

87 1 

92 

July 7 

73 

84.5 

83.5 

91 

85 

91.6 

91.6 

94 5 

Aug. 9 

79.5 

78 

71 

87.6 

82 

90 

78.6 

91 

Sept. 7 

84 

83.6 

84 

86 

84.5 

8o .5 

87 

92 

Oct. 7 

80 

81.6 

82.5 

SO 

83.5 

85 

82 

84.5 


treated huUess plantings gave 0.33 per cent smutted panicles as compared 
with 3.63 per cent in the common varieties, while the untreated hulle&s 
plantings showed an average of 70.45 per cent smutted panicles as 
compared with similar controls of hulled varieties showing 23.45 per 
cent. The average for all treated samples was 2.47 per cent smutted 
panicles as compared with 39.12 per cent average for untreated samples. 
The use of 2 oz. copper carbonate per bushel gave practically as good 
control as larger amounts of the dust. Lambert and Bailey (9) reported 
tests in Mimiesota giving perfect control of oat smut and no seed injury 
by use of copper carbonate, but our tests have not given such good pro¬ 
tection. The protection afforded by the copper carbonate was not ccjual 
to that ordinarily obtained with the standa d formaldehyde treatments. 

DISCUSSION AND SUMMARY 

The experiments reported have given very promising results on bunt 
control from the use of a number of dust treatments, with copper car¬ 
bonate dust leading in effectiveness. It has been generally conceded 
that the present methods of seed disinfection for bunt have numerous 
undesirable features. Some of the features which any other method 
should have in order to replace the old standard methods are as follows: 

1. The eli mi nation of the inconvenient and disagreeeable soaking or 
steeping methods. 

2. The elimiaation of seed injury and retarded growth under con¬ 
ditions of average moisture. 
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TABLE 8— Rp'iuli'i of control of oat stmit liking copper carbonate dust trealment 


Trca( merit 

Variety 

Average Pcx’centage 
of smutted 'panicles 
for three degrees of 
smutting 

Degree 

of 

smutting 

Average Peroent- 
of smutted 
panicles for 
three varieties 

Copper carbonate 

Swedish Select 

2 9 

^Light 

4 13 

dust 2 oz. per 

Abundance 

6 14 

Medium 

2.46 

bushel 

^Chinese Hullcss 

0 

Heavy 

5 5 

Copper carbonate 

Swedish Select 

2 87 

®Light 

2.S 

dust 3 oz. per 

Abundance 

3 55 

Medium 

2.79 

bushel 

^Chineso Hullcss 

0 

Hea^^r 

1.73 

Copper carbonate 

Swedish Select 


*Light 

.73 

dust 4 oz. per 

Abundance 


Medium 

2.12 

bushel 

^Chinese Hullcss 

1.00 

Heavy 

3.90 

Conirol smutted 

Swedish Select 

28.12 

^Light 

16.88 

untreated 

Abundance 

18.79 

Medium 

34.62 


Chinese Hullcss 

70.45 

Heavy 

48.16 


3. The elimination of danger from seeding in the dry, so as to make 
possible the seeding of grain in the “dust.” 

4. The possibility of treating seed days or even months before it is 
needed for seed, without extra expenditure of labor, thus making possible 
the utilization of spare time. 

6. A bettor protection from reinfection of treated seed than is afforded 
by bluestone, especially from wind-borne spores that are generally 
present in our summer fallow fields. 

6. The increase of yields over those obtained with the old methods. 

According to the results of our experiments, copper carbonate dust 
comes nearer to embodying these desired features than any other 
fungicide. Under no conditions have we found any reduction in ger¬ 
mination from the use of this fungicide, either immediately after treat¬ 
ment or after a period of nine months storage. On the contrary there 
has been an improved germination of treated seed over untreated, re¬ 
sulting under field conditions in better stands, a more rapid germination 
and a more vigorous growth. Our field records indicate that copper 
carbonate gives less loss from winter injury and increased yields, although 
reliable quantitative data on sdelds are not yet available. As far as 

I 

Average for Chinese HuUass for medium and heavy degrees of smutting only. 

* Average for light degree of smutting for Swedhih Select and Abimdance only. 
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heed injury i& concerned, seeding in the dry is absolutely safe with copper 
carbonate, but we do not yet have data on the etfectiveiiebs of the fungi¬ 
cide under different condilioiih of soil moisture Some of the results 
point to its greater effectiveness in dry soils. 

Copper carbonate has been effective in preventing smut from seed- 
home spores as shown by spring seedings, two ounces per bushel of seed 
giving a smut-fiee crop in our experiments of 1921 and tlireo ounces 
per bushel affording perfect protection in 1922. This has been true with 
light, medium and heavy smutting in which the untreated seed gave the 
following results: 


*Avorage percentage of smutted heads from duplicates 
Degree of smutting '__ 



Marquis 

Bluestem 

Jenkias Club 

Light smutting. 

0.47 

6.42 

8.35 

Medium smutting . 

0.42 

36.33 

36.05 

Heavy smutting. 

0 83 

58 4 

62.48 


In the prevention of smut from fall seedings on summer fallow, the 
results have not been quite so convincing. The field demonstrations 
in eight counties showed better control with copper carbonate than 
with either bluestone or formaldehyde, although there were a few specific 
cases in which bluestone gave less smut. In some local experiments, 
using three varieties in both smutted and normal summer fallow, the 
copper carbonate was not quite equal to bluestone but gave better pro¬ 
tection than formaldehyde. It is felt that some of the adverse results 
obtained with copper carbonate were due to inferior brands, and this 
possibility is being checked by further experiments. 

The comparative protection given by the dust fungicides tested when 
used for heavily smutted spring seedings at the rate of 2 oz. per bushel 
was as follows: 


Fungicides 

Percentage of smutted heads 

JMorquis 

Bluestem 

Jenkins Club 

Coppffl? carbonate, pure. 

0 

0.89 

0.9 

Corona compound of copper 




carbonate. 

0 

0.25 

0.46 

Anhydrous bluestone and cal¬ 




cium carbonate. 

0 

0.74 

1.15 

Anhydrous bluestone and hy¬ 
drated lime. 

0 

3.75 

1.79 

Seed-O-San..... 

0 

3.9 

1.27 
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Corona compound of copper carbonate, contai nin g 17 to 18 per cent of 
metallic copper, gave practicaUy as good protection as the pure copper 
carbonate, while the much cheaper mixture of anhydrous bluestone and 
calcium carbonate was not far behind in effectiveness. Our results 
indicate that less than two ounces of copper carbonate may give pro¬ 
tection if in form to insure a perfect distribution over the seed. Our 
experiments on the comparative effectiveness of these dusts for fall 
seedings have not yet been completed. 

In the treatment of oats for smut (Ustilago levis) formaldehyde gave 
better results than copper carbonate as the average of five farm demon¬ 
strations. In our local experiments with three varieties, copper car¬ 
bonate gave perfect control in Chinese Hulless, but rather poor pro¬ 
tection in Swedish Select and Abundance. 

Department op Plant Pathology, 

State College op Washington, 

Pullman, Washington. 
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THE CtENU8 POTA^STICTUS AND DECAY OF LIVING 

TREES 

James B. Wbib 

Extensive field observations show that some of the common species 
of Polystictus are not entirely confined to the wood of dead trees. The 
most common species of the genus found in the United States and the 
actual cases in which they have been observed to attack the sapwood 
or heartwood of living trees are as foUows: 

3. Polystictus ahietinus (Dicks) Fr ; on the dead wood of blazes, fire 
scars and frost cracks of Ahies grandis,^ Tsvga heterophylla and Thuya 
pUcata, Idaho, Washington, and Montana. The sapwood is decayed 
and the adjacent heartwood discolored. The trees were of low vigor. 
Like conditions have been observed on Abies haUamea in northern 
Minnesota. 

2. Polystichhs biformis Kl., (P. cervinus (Schw.) Cke.) on dead wood of 
living brace roots of Quercus rubra and Fagus atropunicea, causing a 
decay of the sapwood and heartwood, extending into the trunk; Indiana 
and Ohio. 

3. Polystictus ciunaharinus (Jacq.) Fr.; on the dead wood of a large 
open wound on living ReiwZa ocddentalis, the rot extending into the heart- 
wood for several inches beyond the edge of the living sapwood; Idaho. 

4. Polystictus conchifer (Schw.) Sacc.; common on the dead branches 
of various species of Ulmus killed by shade or other causes. The decay 
may extend within the living collar of the dead branch from one to three 
inches. The writer has never observed the fungus to form a heart rot 
in this position. The fungus is not parasitic and will not directly attack 
a living branch, although it often appears to do so. Inoculations on 
healthy branches of Ulmus at Great Falls, Va., August, 1921, resulted 
negatively. Common throughout the Middle West and Eastern United 
States, Rarely found on the wood of other trees. 

6. Polystictus fioridanus (Berk.) Fr. (resupinate form Poria lindbladii 
Berk.) on the dead wood of wounds in root crotches of living Liquidambar 
styradjlua, Alabama, and on fire scars on living roots of Chamaecyparis 
thy aides f North Carolina, the decay encroaching upon the more vital 
parts of the roots. 

^ Tree nomenclature according to Sudworth, G. B. Check list of the forest trees 
of the United States, their names and ranges. United States Dept. Agrio., Div. Forest. 
Bull. 17. 144 p. 1898. 
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6. Polyiitictm hir^svUifi (Wulf.) Fr.; causing a sapwood and hcartwood 
rot of living cultivated plum, cherry, prune, peach and apple. Idaho, 
Washington, Oregon, Indiana. The fungus entens through knots of 
pruned branches, frost checks and scars made during cultivation. The 
decay which may be uniform in the heartwood is often serious and results 
in the trees being broken by the wind. Many small sporophores (4) 
may appear at the lenticels. The fungus has been observed in the 
hcartwood of living AJnus tetiuifolia, Betvia occidentalism Acer riihrum, 
Quercus priniiSmQ. coccinea and Ca.sia??ea denfafa: Idaho, Indiana, Michi¬ 
gan, Tennessee. 

7. Polysiicius lacteus (Fr.) causes a sap and heart rot in living cultivated 
plum, cherry, pcacli, and apple. Occasionally the fungus is of consider¬ 
able economic importance. Zeller (5) states that it causes the most 
common heart rot of sweet cherry in western Oregon. The fungus 
enters through pruning scars and other injuries, on street and park trees 
and occasionally in the forest, it attacks the wood of large wound.s and 
causes a local decay of the heartwood. Acer, Plataniis, Quercus and 
Ailanthus; Washington, Oregon, Idaho, Indiana, and Virginia. 

8. Polystictus ‘parunmenus Fr. This fungus when once esta])Ushed on 
the dead wood of wounds on living trees may continue to rot the hcart¬ 
wood indefinitely. This condition has been observed on Quercus alba, 
Q. coccinea, Q. marilandica, Acer saccharum, Betvia lutea, Fraxinvs 
nnericana, Nyssa sylvatica and Popnlus trcnmloidcs. Indiana, Ten¬ 
nessee, Michigan, ^"irginia. Numerous minor cases on various hosts 
have been observed, llhoads (1) has called attention to the action of 
this fungus in several trees. 

9. Polystictus jjinsitvs (Fr.) Gko. on dead wood of blazes and open 
knots of living Juniperus virginiana and Chaimecyparis thyoides confined 
chiefly to the surrounding dead sapwood. Virginia and North Carolina. 

10. Polystictus versicolor (L.) Fr., causes a heart and sapwood rot in 
living trees of various si)ccies. The fungus enters through the dead 
wood of exi)osed wounds and may, in some cases, become of economic 
importance. Von Schreuk (2) and Stevens (3) have fully described the 
damage caused by this fungus in C^atalpa. Ordinarily the fungus is of 
little importance on living trees. 

11. PulysHcus zonatus Fr., a well defined species and especially abun¬ 
dant in the western United States, occasionally causes a heart rot in 
living trees of Populu.'i and Salix. The fungus enters through the 
exposed wood or wounds. Notable cases are recorded in Idaho, Wash¬ 
ington and in the Black Hills of Routh Dakota 
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With the exception of the purple pored species, numbers 1, 5, and 8, 
all of which cause a characteristic rot with small, elongated pockets, the 
rots of the majority of the species mentioned are not especially dif¬ 
ferentiated. The character of the decay, however, may be influenced 
slightly by the species of tree structure and the physical nature of the 
wood. This may be observed when any of the above named species 
which normally grow on the wood of frondose trees attack the wood of 
conifers, an occasional occurrence, or in a change from porous to noii- 
porous wood. The general color of the decays of all the species men¬ 
tioned is usually white or yellowish or of a slight reddish cast in the case 
of Pohjstictus cinnarharinus, due to the massing of hyphae near the sporo- 
phore. 

In but few cases have the Polystictus rots been found to be of much 
importance on forest trees and may be disregarded in the management 
of original forest lands. Usually dependent upon the presence of a large 
amount of weathered dead wood to effect encroachment on the heart- 
wood or the adjacent sapwood, the decay of most species makes slow 
progress in otherwise healthy trees. Trees whose vigor is reduced Ijy 
extensive injuries involving a large part of the side of the trunk or the 
brace roots may suffer greater damage. As a rule, these fungi are not 
to be considered in the same class with the true destructive cull fmigi of 
living timber trees. They are primarily the scavengers of the forest, 
decaying the slash of timber sale areas, and other debris, but may become 
important in the decay of useful material too long left in the woods or in 
hastening the decline of street and park trees. 
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PIIYTOPATHOLOGTCAL NOTES 

Pond fapyracea ^Schw.) Ckc-—This rare and interesting species has 
been recently collected by the writer as an epiphyte on the thin, smooth 
chlorophyllaceous bark of Chamaecyparis thyoides in the Dismal Swamp 
of Virginia. The area of bark over which the fungus extended was 
browned and somewhat sunken below the general level, but the vital 
parts were not affected. The fungus has also been found on dead fallen 
twigs and branches of Thuja occidmtalis by J. J. Neuman at Crandon, 
Wisconsin, and by Dr. A. H. W. Povah at Vermilion, Michigan. Good 
collections in the N. Y. Botanical Garden were made by Underwood on 
Vitis at Auburn, Alabama. The original specimen was collected by 
Schweinitz on dead bark of Vitis in Carolina. It was later collected by 
Peters (4G4) on Vitis in Alabama, and described by Berkeley and Curtis 
under the name of Polyporus harhaeformis (Poria, Sacc.). The habit 
of growing on smooth green bark is similar to that of Septohasidium 
retiforme (Berk. & Curt.) Pat. and S. fru&tulosum (Berk. & Curt.) Pat., 
the latter being veiy common on the bark of young ash in Mexico and is 
considered injurious. 

Poria papyracea is easily distinguished from all other members of the 
genus by its broad elongate elliptic or eylindric guttulate spores with the 
appearance of peculiar longitudinal striations or reticulate echinulations; 
the spores average 35-16 X 5.9-8.5 (a.—^James R. Wetb. 



REPORT OF THE FOURTEENTH ANNUAL MEETING OF THE 
AMERICAN PHYTOPATHOLOGICAL BOCIETY 

The fourteenth .inmial meeting of the Society was held in the Main Building of the 
Massachusetts Institute of Technology, Cambridge, Massachusetts, December 27-30, 
1922, in conjunction with the American Association for the Advancement of Science 
and affiliated scientific societies. President E. C. Stakman of Minnesota presided and 
about ninety-five members were present. The headquarters of the Society were at the 
Parker House, Boston, Massachusetts. 

There were seventy-nine papers on the regular program, abstracts of which were 
printed in the January number of Phytopathology. Advance separates of the abstracts 
were distributed for use at the meetings. 

There were three joint sessions with other societies. On Wednesday afternoon, 
December 27, occurred the annual meeting of Section G of the American Association 
for the Advancement of Science. At that meeting Dr. Mel. T. Cook, retiring Vice 
President of Section G, gave an address entitled “The Origin and Structure of Plant 
GaUs.” This address was followed by a symposium on Sterility of Plants, papers being 
given by A. B. Stout on Physiology of Incompatibility, B. M. Davis on Pollen and Seed 
Sterility in Hybrids, E. M. East on Genetical Aspects of Self and Cross Sterility, and 
M. J. Dorsey on Sterility in Relation to Horticulture. On Saturday morning, De¬ 
cember 30, a joint session was held with the American Association of Economic Ento¬ 
mologists, the subject being a symposium on Plant Quarantines. Papers were pre¬ 
sented by C. L. Marlatt on The When and Why of Plant Quarantines, W. A. Orton and 
R. K. Beattie on Scientific Basis of Foreign Plant Quarantines, W. A. McCubbin on 
Factors Contributing to Success in Domestic Quarantines, Wilmon Newell on Tropical 
and Sub-tropical Quarantines, and Lee A. Strong on Western Views on Plant Quaran¬ 
tines. 

On Thursday morning the American Phytopathologioal Society joined the Physio¬ 
logical Section of the Botanical Society of America in a symposium on Mosaic Diseases 
of Plants, at which fourteen papers were presented. The meeting was noteworthy in 
that four papers reported the finding of definite bodies or organisms in the tissue of 
plants affected with mosaic. L. O. Kunkel reported his further studies on the intra¬ 
cellular bodies associated with mosaic of llippeaslrum oqimtre and com in Hawaii. 
H. H. McKinney, Sophia H. Eckeraon and R. W. Webb gave two papers dealing with 
the intracellular bodies associated with mosaic of Hippeaatiumjohnaonit and also with 
the rosette disease of wheat, while Ray Nelson, in a paper illustrated by beautiful 
photomicrographs, reported the finding of definite flagellate protozoans constantly 
associated -vv ith leaf roll of potato and with mosaic of bean, clover and tomato. It seems 
probable that the intracellular bodies reported by Kunkel and by McKinney, Eckerson 
and Webb are also protozoans. Further studies in which the best modern protozoan 
technique is used should yield results of the greatest importance in adding to our 
knowledge of the cause of this type of disease. Without doubt this symposium marks 
an important milestone in the progress of plant pathology. 

The annual dinner of the Society was held on Friday evening, December 20, in the 
Walker Memorial Building of the Massachusetts Institute of Technology and was 
attended by one hundred and sixteen pathologists and botanists. 
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The following officers were elected: 

President, G. R. Lyuian, West Virginia College of Agriculture, Morgantown, W. Va. 

Vice Presidcnl, P. D. Fronune, Virginia Polytechnic Institute, Blacksburg, Va. 

Secretary-Treasurer, R. J. Haskell, U. S. Department of Agriculture, Washington, 

D. C. 

Councilor for tw'O years, M. F. Barrus, New York State College of Agriculture, 
Ithaca, N. Y. 

Councilors for one year (chosen by the Divisions of the Society), W. P. Fraser, 
University of Saskatchewan, Saskatoon, Saskatchewan, representing the Canadian 
Division; F. D. Ifeald, State College of Washington, Pulhnan, Wash., representing the 
Pacific Coast Division; and L. R. Hosier, University of Tennessee, Knoxville, Term., 
representing the Southern Division. 

Members of the Editorial Board of Phytopathology (chosen by the Council of the 
Society): Editor for one year, N. J. Giddings, West Virginia University, Morgantown, 
West Virginia; Associate Editors for three years, J. G. Leach, College of Agriculture, 
University Farm, St. Paul, Minnesota; W. D. Valleau, University of Kentucky, Lexing¬ 
ton, Kentucky; R. D. Rands, U. S. Department of Agriculture, Washington, D. C.; 
W. A. McCubbin, Bureau of Plant Industry, Harrisburg, Pennsylvania; Business 
Manager for one year, R. J. Haskell, U. S. Department of Agriculture, Washington, 
D. C.; Advertising Manager for one year, R. G, Pierce, U. S. Department of Agri¬ 
culture, Washington, D. C. 

Member of the EtUtorial Board of American Journal of Botany for three years 
(chosen by the Coimcil); Donald Reddick, Cornell University, Ithaca, N. Y. 

Representative on Board of Control of Botaoioal Abstracts for four years (elected 
by the Society): E. C. Stakman, University of Minnesota, University Farm, St. Paul, 
Miimesota. 

Representative on the Council of the American Association for the Advancement of 
Science for one year (chosen by tho Council): G. P. Clinton, Agricultural Experiment 
Station, New Haven, Connecticut, and W. A. Orton, U. S. Department of Agriculture, 
Washington, D, C. 

Members of the Advisory Board (chosen by the Council): C. W. Hungerford, Uni¬ 
versity of Idaho, Moscow, Idaho, for three years to succeed H. P. Barss as Commissioner 
for the West; L. R. Ilesler, University of Tennessee, Knoxville, Tennessee, for three 
years to succeed J. A. Elliott as Commissioner for the South: L. R. Jones, University 
of Wisconsin, Madison, Wisconsin, for three years, and M. F. Barms, Oomoll University, 
Ithaca, N. Y., for two years, to succeed L. R. Jones and E. M. Freeman, respectively, 
as Commissioners at Large. 

RnpoxiT OF TUB TuBAsmtBK Fon 1922 


Receiptai 

Balance from 1921.$1,009.90 

Annual dues. 3,757.86 

Subscriptions received with annual dues. 5.00 

Contribution to Phytopathology deficit received with annual 

dues. 3.00 

Excess dues. 5.60 

Interest on checking account. 36.95 

Exchange on foreign membership checks. .94 
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Sales received in checks with annual dues. 14.50 

Subscriptions to the Oberly Memorial Fund received with annual 
dues . 47.4S 


Expenditures: 

Member subscriptions transferred to Phytopathology.. 

Secretarial work. 

Stationery, stamped envelopes, printing. 

Subscriptions received with dues transferred. 

Contribution to deficit received with dues. 

Soles received with dues. 

Postage stamps . 

Excess dues returned . 

Duplicate dues returned. 

Secretary-Treasurer’s travel and miscellaneous expenses 

Supplies, rubber stamps, etc. 

Checks returned by bank... 

Cost of Russian cable... 

Error in discount . 

Amount transferred to sinking fund for investment.. .. 


$4,881.23 


$1,792.00 

250.43 

215.78 

5.00 

3.00 

15.00 

7.50 

5.75 

4.00 

126.77 

7.22 

16.25 

4.80 

.95 

1,100.00 


$3,554.45 


Balance.$1,326.78 

Amount of receipts for 1923 and 1924 included above.$1,027.75 

Sinking fund: 

Balance due for 1921. $20.58 

Balance due for 1922 . 6.00 25.58 


Actual balance for the year 1022 


$1,053.33 

$273.45 


In accordance with directions given at the Toronto meeting, the Secretary, in sending 
out the notices of annual dues for 1923, requested each member to add twenty-fi^ve 
cents to his check as a personal contribution to the fund for the Eunice R. Oberly 
Memorial Prize. Many members are responding to this request, and $47.48 have al¬ 
ready been received. Full report must be deferred until next year. 

On December 20, 1922, the Society had 553 membm's in good standmg:—89 life 
sustaining and 464 regular, as opposed to 639 in 1921, 495 in 1920, and 452 in 1919. 
Therefore it is seen that the Society is maintaining a steady growth. Thirty-three 
candidates were elected to membership. 

RBPOBT 07 THE BUSINESS MANAGER 07 PHUrOPATHOLOGT TOR 1922 


Receipts: 

Balance from 1921...$1,728.14 

Member subscriptions transferred from Society. 1,792.00 
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Subscriptions. 2,013.00 

Soles. 330.15 

Advertising, 1921. 322.54 

Advertising, 1922. 336.53 

Contributions to Phytopathology deficit. 11.24 

Interest on invested sinking fund. 120.00 

Balance duo sinking fund to June 1. 1,000.00 


Expenditures: 

Manufacturing Phytopathology: 


Vol. 

XI, No. 8. 

Vol. 

XI, No. 9. 

Vol. 

XI, No. 10 

Vol. 

XI, No. 11 

Vol. 

XI, No. 12 

Vol. 

XI, Index. 

Vol. 

XII, 

No. 1 

Vol. 

XII, 

No. 2 

Vol. 

XII, 

No. 3 

Vol. 

xn. 

No. 4 

Vol. 

XII, 

No. 5 

Vol. 

XU, 

No. G 

Vol. 

XII, 

No. 7 

Vol. 

XU, 

No. 8 

Vol. 

XII, 

No. 9 


$343.43 

234.92 

307.09 

268.00 

308.84 

148.72 $1,611.00 

386.41 

376.13 

394.58 

378.61 

295.12 

385.29 

185.05 

367.36 

364.50 

-$3,132.10 


$7,602.60 


$4,743.10 $4,743.10 


Miscellaneous Journal expenses (DLx lists, etc.). 

Secretarial work. 

Supplies, miscellaneous. 

Bebate for parts of journal not supplied. 

Printing bill heads... 

Postage. 

Duplicate subscription returned. 

Miscellaneous expenses of Business Manager. 

Miscellaneous expenses of Editor-in-Chief... 

Checks returned by bank. 

Check to reimburse G. R. Lyman for amount paid from his per¬ 
sonal account in error. 

Sinking fund invested with accrued interest. 

Refund on cancelled order.. 


$86.85 

74.28 

7.10 

4.00 

10.00 

33.18 

5.00 

39.45 

18.24 

10.76 


6.00 


1,002.72 

1.65 


$6,041.32 


Balance...$1,621.28 

Amount of 1923 subscriptions included in the above receipts. 303.15 


Actual balance for 1922. 


$1,307.63 
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SinJcing Fund: 

Amount invested in first mortgage notes.$3,000.00 

Amoimt invested at 4% time deposit for 6 months. 100.00 

Balance in Society treasury due sinking fund 1921-22. 25.58 

- $3,125.58 


At the Chicago meeting two years ago the business manager reported an indebtedness 
of Phytopathology amounting to $2,179.72. At that time the Society appropriated 
$675.00 from its treasury and the members voluntarily contributed $1,059.72 toward 
paying this deficit, making a total of $1,634.72. There still remained an indebtedness 
of $646.00, which Phytopathology had to carry as it entered on the new plan of operation 
in January, 1921. 

Two years have now elapsed under the new plan of operation, which included a change 
of printers, the collection of subscriptions by the business manager, and the appoint¬ 
ment of an advertising manager to handle advertisements,—both subscriptions and 
advertising having been handled previously on a percentage basis by the Williams A 
Wilkins Company, the former publishers. During the past two years the receipts for 
both subscriptions and advertisements have increased materially and this increased 
income, together with reduced expenses, has enabled Phytopathology to overcome the 
$545.00 deficit, to increase the number of printed pages per year, and to accumulate a 
balance, so that if Phytopathology were to suspend publication at the close of 1922 
and all bills payable and receivable were liquidated there would be a clear balance of 
$892.81. The official journal of the Society has passed its financial crisis safely and is 
now on firm ground. 

An auditing committee consisting of F. D. Fromme and A. T. Evans was appointed 
to examine the accounts of the treasurer and business manager. This committee found 
the accounts correct and the reports were adopted. 

Kbpoet of Editoe-in-Chieif op Phytopathoi-ogy 

The printers' strike caused considerable delay in publishing the earlier numbers of 
Phytopathology during 1922. In spite of this fact, the December number, including 
the index of the twelve numbers, appeared in January. During 1923 the ntimbers should 
come out about on time. It will be noted that several papers somewhat longer than 
usual have been published during 1922. The editor adopted the policy of accepting 
or rejecting papers wholly on their merit, regardless of length. There have been 
publi^ed in all during 1922, 697 pages of text, 113 text figures, and 30 full page plates. 
The abstracts of papers presented at the meetings of the three Divisions, as well as at 
the Toronto meeting of the Society, have been published during the year. These 
abstracts, of which there were 145, required 61 pages of text. 

Ejopobt op the Retibinq Rbpeesbntativb on the Boabd op Conteoii op Botanical 

Absteaots 

Dr. Donald Reddick, the retiring representative of the Society, served for two years 
as Chairman of the Board of Control, has been a member of the Executive Committee 
for four years and recently has assumed business management of the journal. He 
submitted the following report: 

The probleons of the Board have been niunerous and varied. The fina.’ncjfl.i problem, 
however, has and still does overshadow all others. Much time has been given to this 
all-important phase of the work. 
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Aside from the more general duties on such a Board your representative has attempted 
to further the interests oi the Society in every legitimate way. He, himseU, acted as 
editor for the section Pathology for a short time. Am effort was made to liberalize the 
field of this section by including essential work in general pathology. When the col¬ 
lecting of abstracts was placed in the hands of a bibliographer and the "journal basis” 
adopted it proved rather difficult to find a suitable plan for accomplishing this. The 
problem was passed on to Dr. G. H. Coons who made some progress with it, but Doctor 
Coons was forced to resign and Mr. F. V. Rand now labors with it. The Board has 
given very great latitude to the editors in the development of their respective sections. 
It is to be hoped that Mr. Rand will find a way of developing the section on Pathology 
to its greatest usefulness. 

The most regrettable feature of the work has been the general lack of constructive 
criticism, or, indeed, of criticism of any sort, from members of the Society. In antici¬ 
pation of just this condition, among others, the Board adopted the working rule that 
members of the Board shall not be eligible for immediate reeleotion. The Board, per as, 
cannot enforce such a rule, but if the constituent societies can be induced to osberve 
it, the Board can be mamtained as a democratically constituted body and by proper 
elections our Society can be assured that our best talent eventually will be directed to 
making Botanical Abstracts the best and most complete publication in existence for 
abstracting pathological articles. 

The willingness of members of the Society to support BotanicaZ Abstracts has been 
most gratifying. The response to every appeal for help has been most satisfactory. 
At least 80 of our members serve as collaborators, many of our members own bonds of 
the corporation and an unusually large proportion of our members subscribe for the 
journal. 


TJnion of Ahebican BioiiOaicAL Societies 

At the Toronto meeting this Society gave preliminary consideration to this subject 
and designated Donald Reddick and Q. R. Lyman as its representatives at a proposed 
inter-socicty conference to consider a plan of federation. This conference was held in 
Washington last spring and all the representatives of the biological societies present 
were unanimously in favor of forming a federation. Therefore, on executive committee 
was appointed to draft a constitution and to work out the details of organization. The 
report of this executive committoo, giving the wording of the proposed constitution, 
was printed in Science (Science LYI: 359-361, Sept. 29, 1922) and reprints of this 
article were distributed to all members of the American Phytopathologioal Society in 
advance of the Boston meeting. Mtanbership in the proposed union is by societies, 
not by individuals. Each member society retains complete autonomy and is entitled 
to two representatives on the Council of the tJnion. The principal primary purpose 
of the Union is the promotion of biological publications. 

After consideration, the Society voted to accept memberah'p in the proposed Union 
of American Biological Societies and requested the Council of the Society to select 
the two representatives on the Council of the Union. Donald Reddick and Perley 
Spaulding were named by the Council as the representatives of the American Phyto- 
pathological Society. 


Resobt of ibe AnyisoBT Board 

The Advisory Board reported to the Council through its Chairman, C. R. Orton. 
The report was referred to the Society by the Council and was adopted as follows: 
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Summer conference: —The fourth annual summer meeting of the Society was held in 
DelaTnare, New Jersey, and Philadelphia and vicinity, bemg devoted to the diseases of 
vegetables and the problems of market pathology The meetings were attended by 
sivty-five scientists besides a considerable number of growers and others interested in 
marketing problems. Members wore present from the Philippine Islands, Ontario, 
Quebec, Nova Scotia and twelve states. There were present as guests of the Society, 
Dr. I. B. Pole-Evans, Pretoria, South Africa; Senor Alfonso Madariaga, Director of 
Agriculture, San Jacinto, Mexico; Dr. C. Boyle, Dept, of Agriculture, Dublin, Ireland; 
Dr. Seiya Ito, Hokkaido Imperial University, Sapporo, Japan; Dr. Takewo Hemmi, 
Kyoto Imperial University, Kyoto, Japan; Dr. D. N. Borodin, Russian Agricultural 
Bureau, 136 Liberty Street, New York City; Dr. Rudolf Kuraz, Agricultural Attache, 
Czechoslovak Legation, Washington, D. C.; Mr. Carlos VaUojo, Agricultural Attache, 
Argentine Legation, Washington, D C.; and Mr. R. J. Noble, Dept, of Agriculture, 
New South Wales, Australia. A more extended report of the conference, prepared by 
the Secretary, Dr. R. J. Haskell, has already been published in Phytopathology. 

Pkytopaihological project list: —^At the Toronto meeting it was decided to discontinue 
this list as an annual project. There is some doubt whether such a list is worth the 
time and effort necessary to prepare it. By request of the Advisory Board, a vote of 
the Society was taken at Boston to ascertain whether this list should be continued, and 
a large majority of those present voted that it is inadvisable at present to continue the 
preparation oi such lists. 

PhytopaUiological Inshtute: —^Dr. B. C. Stakman was chosen leader of this project at 
the Toronto meeting. Certain phases of co-operative researches on mosaic have been 
undertaken at the Thompson Institute, and at the summer conference in Philadelphia 
Dr. William Crocker presented to the Advisory Board the plans for that Institute and 
requested the counsel of the Advisory Board regarding the development of work at the. 
Institute along phytopathological lines. Everything possible will be done to facilitate 
the development of such work at the Thompson Institute. 

Some progress has been made in eliciting the interest of ofidcials in the U. S. Depart¬ 
ment of Agriculture toward offering their facilities for co-ordinating certain types of 
research work, and providing space and other facilities for visiting scientists. 

Cooperation mth the National Research CouncU: —^Tho Advisory Board functions as 
the Committee on Co-operation in Phytopathology of the National Research Coimcil. 
The Chairman is also a member of the Division of Biology and Agriculture, succeeding 
Dr. G. R. Lyman whose term of office expired June 30, 1922. In this capacity the 
Board has fostered a number of co-operative projects. During the past year special 
attention has been given the Arthur rust project, dusting of fruits and vegetables, 
seed borne diseases, use of sulphur for control of potato scab, sulphur investigations, 
nickel investigations, Scalecide investigations, and cereal seed disinfections. All but 
the first mentioned are co-operative with the Crop Protection Institute. 

The Rust project was initiated September 1 through the joint efforts of the Division 
of Biology and Agriculture of the National Research Council; the Office of Cereal In¬ 
vestigations, U. S. Department of Agriculture; the officers of the Indiana Agricultural 
Esqieriment Station, the Pennsylvania State College, and the Virginia Polytechnic 
Institute; and the Arthur Committee. Laboratory space and facilities, a clerical 
graduate assistant, library space, and the time of certain investigators has been pro¬ 
vided by the Indiana Agricultural Experiment Station; travelling expenses of co- 
operators are being provided by the National Research Council; an honorarium for Dr. 
Arthur was provided by the Office of Cereal Investigations, U. S. Department of 
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Agriculture; and the Pennsjdvania State College and Virginia Polytechnic Institute 
have agreed to grant leave of absence with pay to F. D. Kem and C. R. Orton of the 
former and F. D. Fromme of the latter to aid Dr. Arthur in the preparation of the 
manuscript of a volume on Plant Rusts. The Indiana F:q)eiiment Station has also 
agreed to grant time to H. S. Jackson and E. B. Mains for a mmilar purpose. The 
co-operators on this project met at Lafayette in June and drew up a tentative outline 
on Plant Rusts and steady progress has since been made by Dr. Arthur with the as¬ 
sistance of the graduate student provided. 

The dusting project has been under the leadership of F. D. Fromme, N. J. Giddings 
and P. J. Parrott diming the past year. Co-operative tests have been conducted in 
several states and some Canadian provinces, and some noteworthy results obtained. 

The project on seed borne diseases has been handled in co-operation with the Crop 
Protection Institute under the leadership of a special committee composed of M. F. 
Barrus, M. T, Munn and the Chairman of the Advisory Board. A preliminary list of 
seed borne diseases has been prepared. The subject was presented by C. R. Orton 
before the American Seed Trade Association at their annual meeting in Chicago, June 22. 
Action has been taken by the Association of Official Seed Analysts leading to the practice 
of reporting disease indications upon the certificate as a part of the service rendered. 
Good progress is being made on this project and assurance has been given that the 
matter will receive special attention by the Executive Committee of the American Seed 
Trade Association. The committee is to be continued. 

The project on use of sulphur for the control of potato scab has been under the leader¬ 
ship of C. R. Orton and G. II. Coons. 

The sulphur investigations have been under the leadership of a committee composed 
of G. H. Coons, P. J. Parrott and C. R. Orton. Fifteen thousand dollars have been 
subscribed during the past year by three sulphur producing companies for fundamental 
researches upon the effect of elemental sulphur upon fungi and insects. Two investi¬ 
gators have been secured, one of whom is working under the direction of Dr. B. hi. 
Duggar at the Missouri Botanical Garden and the other is at work imder the joint 
leadership of Professor Herbert Osborne at Ohio State University and Dr. P. J. Parrott 
at the New York Agricultural Experiment Station. Important results have alrea<!y 
been secured and this project is well established. 

The nickel investigations project is of a preliminary nature and no attempt has bcmi 
made to expand it beyond these preliminary tests up to the present time. Co-operative 
tests have been mode in Delaware, Pennsylvania, Miimcaota, Quebec, and Ontario 
during the past year. 

The B. G. Pratt Company has recently signed a contract pledging forty-five hundred 
dollars annually for a period of not leas than three years for the purpose of investigating 
the effects of Scalccide upon fire blight and upon the rate of growth of apple and pear 
trees. This project is under a committee oomi^osed of C. R. Orton, H. W. Anderson 
and P. J. Parrott. The funds are to be made available January 1,1923, and investiga¬ 
tions wiU be started this spring. 

The cereal seed treatment project under the leadership of C. R. Orton, E. O. StaJunan 
and E. B. Lambert, was initiate in the spring of 1922 in several states and Canadian 
provinces. The copper carbonate has been furnished through the Crop Protection 
Institute and tested out on wheat and oats along with copper sulphate and formal¬ 
dehyde. The results to date have been collected in mimeographed form. 

“Science Service'’ is in need of promotion by the Society and to this end the Secre¬ 
tary, Dr. EaskeU, has been giving it personal attention. The Advisory Board will 
endeavor to secure the interest of other workers. 
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Crop Protection ImtiUdc: —Two members of the Advisory Board, G. II. Coons and 
C. B. Orton, have served during the past year upon the Board of Governors of the 
Crop Protection Institute. It seems important that these two agencie.s .should be 
co-ordinated by the continuance of this policy. A considerable amoimt of time has 
been devoted by the various members of the Board of Governors to the Crop Protection 
Institute and this must continue throughout the early years of its development. C. R. 
Orton, whose term expired at the Boston meeting, was elected to succeed himself for a 
three year’s term. F D. Fromme is the third representative of the Society upon the 
Board of Governors. 

Reports op Committees 

The Committee on Standardization of Biological Stains: —^Dr. R. H. Colley made a 
brief report on data obtained from a test questionnaire sent to members of the Society. 
The conclusions reached were that most of the laboratories of all plant pathology are 
still supplied with European stains and that success with American stains depends 
largely upon the skill of the operator in handling new products. Members of the Society 
interested in the work of standardization of American biological stains were urged to 
communicate personally vith Dr. H. J. Conn, Geneva, N. Y. The report was accepted 
and the committee discharged. 

The Committee on the F. Kolpin Boon Fellowship reported through its chairman, 
Dr. L. R. Jones, that further inquiries have been made looking toward the endowment 
of a Fellowship, but that no definite progress could be reported as yet. On recom¬ 
mendation of the committee the report was accepted and the committee discharged. 
On motion of Dr. Jones it was voted that the Coxmcil appoint a new committee to carry 
on this work, and such a committee was appointed, consisting of R. Kent Beattie, A. G. 
Johnson and C. L. Shear. 

The Committee on Bacterial Nomenclature: —^Dr. Erwin F. Smith, chairman of this 
committee, stated that no formal report could be made at the Boston meeting. The 
committee was continued. 

Phttopatholooicaij Resu-vrch iv tot Tropics 

W. A. Orton reported on this subject as chairman of a special committee of the 
National Research Council. This committee has been work^g in co-operation with 
the Advisory Board and has developed plans looking toward the incorporation of an 
oiganization to be colled “The Tropical Phsrtopathological Institute.” This institute 
is designed to provide an efficient and reliable organisation for the advancement of 
knowledge of the native plants and cultivated cro]is of the tropics, including their dis¬ 
eases and other pests. The plans of the committee were approved in principle by the 
Society and the committee was instructed to proceed with the development of tho plans 
and to secure the endorsement of the National Research Council. 

RnsonuTiONS 

A ooiomittec on resolutions, consisting of L. M. Alassey, F. L. Drayton and H. W. 
Anderson, was appointed by the president. This committee reported the following 
resolutions, which were unanimously adopted. 

1. The iunericon Phytopathologioal Society wishes to express to Dr. W. H. Weston 
and the other members of the local committee on arrangements, to the authorities of 
the Massachusetts Institute of Technology, and to the municipal authorities of Boston 
and Cambridge its sincere appreciation of iJie courtesies and hospitality extended to its 
members throughout the meetings of the Society. 
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2. The Amorican Phyfcopathological Society wishes to place on record its appreciation 
of the liberal assist anco given bj' the National Ilesoarch Council to the Board of Control 
of Botanical Abstracts which has made possible the continued publication of this journal. 

3. In view of the efficient and untiring services rendered by our retiring secretary and 
treasurer, Dr. G. R. Lsrman, at great personal sacrifice, the members of the American 
Phytopathological Society assembled at their annual meeting in Boston wish to express 
their sincere gratitude. As business manager of Phytopathology, Doctor Lyman, by 
his unceasing efforts, has rendered plant pathologists a lasting service by maintaining 
the journal at a high standard of efficiency. 

4. The ^Werican Phytopathological Society in annual convention assembled expresses 
its deep regret at the passing on October 29,1922, of Dr. Elias J. Durand, professor of 
botany at the University of Minnesota. Dr. Durand has been active for many years 
as a teacher of botany and as an investigator, especially in the field of mycology. The 
Society extends sympathy to his many friends, especially to his family and to his co¬ 
workers in the University of Minnesota. 

6. It is with profound sorrow that we, the members of the American Phytopath¬ 
ological Society in annual conference ase>embled have to record the death, on June 13, 
1922, of Frederick C. Werkenthin, assistant professor of botany at the Iowa State 
College of Agriculture, Ames, Iowa. Professor Werkenthin was most successful as a 
teacher, commanding the respect and confidence of students and faculty at aU of the 
institutions where he served. lie show'ed unusual promise as an investigator and during 
his brief scientific career he made a number of noteworthy contributions to botanical 
science. On account of this, our mutual loss, the American Phytopathological Society 
wishes to espress the deepest and most sincere sympathy of its members to the family, 
colleagues and friends of our departed brother. 

Foreign Meetings 

At the annual diimor, Dr. W. A. Orton presented an invitation received from Dr. 
U. M. Quanjer for the American Phytopathological Society to be represented at the 
International Conference of Phytopathology and Economic Entomology in Holland, 
June, 1923. The conference will convene at Wageningen on Sunday, June 24, and 
will adjourn Juno 30 at The Hague. Various important agricultural districts of Holland 
will be visited and attention wiU be given to diseases of potatoes, fruit and truck crops, 
flower bulbs and ornamentals. President StaJouan also spoke briefly of the Pasteur 
Centennial oolobration in the form of a Soientifio and Industrial Exposition of Hygiene 
at Strasbourg, Juno to October, 1923, which Amerioans are urged to attend and to which 
they ore invited to send exhibits. The Sooiety expressed its appreciation of these 
invitations and instruoted the Council to do all in its power to promote the attendance 
of several of our members as accredited representatives of the Sooiety. 

Misceeeaneous Bubinebs 

The secretary’s report of the thirteenth annual meeting hold at Toronto, Canada, 
December 27-31, 1921, was adopted without oorrection as published in No. 4, volume 
12 of Phytopathology. 

The Society voted to hold its fifteenth annual meeting at Cincinnati, Ohio, December 
27, 1923, to January 2, 1924, in conjunction with the American Association for the 
Advancement of Science and other biological societies. 

At the Toronto meeting President Beddick was authorized to send a contribution ol 
S2,').00 in the name of the Society to a memorial in Rome, to Dr. Giuseppe Cuboni, late 
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Director of the Raele Stazione di Patologia Vegetale. Dr. Roddick reported that the 
the principal phytopathological centers in America had been asked for contributions 
to this fund and the response had been so generous that a total of $30.50 was received. 
Of this amount $25.00 was sent to Rome and the balance, $11.50, vraa added to the 
Oberly Memorial fund. Dr. Reddick read to the Society the letter of appreciation of 
this gift received from Professor Traverse. 

At the annual meeting of Plant Disease Survey collaborators it was voted to re¬ 
commend to the American Phytopathological Society that a committee of the Society 
be appointed to carry on a campaign of education looking to more adequate financial 
support of the Plant Disease Survey. The Society approved this recommendation 
and directed the president to appoint the chairman of such a committee who should be 
authorized to select the other members of the committee. President Stakman appoints I 
Dr. N. J. Giddings as chairman of this committee. 

At the annual dinner the matter was discussed of sending Phytopathology to patho¬ 
logical workers in certain European cotmtries where the exceedingly Tmfavorable rates 
of exchange moke subscription to the journal impossible. Dr. Stakman and Dr. 
Spaulding, who have recently returned from European trips, spoke of the deplorable 
lack of current pathological literature in the libraries of oim colleagues in these countries 
and urged members of the Society to adopt a more liberal policy in sending their separates 
abroad. After discussion, the members present voted unanimously to raise money to 
defray the expense of sending Phytopathology to foreign pathologists. The hat was 
passed and $105.00 in cash was collected. It was voted that this money be used to 
send Phytopathology to institutions and to certain individuals selected by the Council. 
It was further voted that the Council be authorized, after investigation, to complete 
gratis the files of Phytopathology in certain institutions, especially in Austria, Hungary, 
Germany and Russia, where in the judgment of the Council complete sets will be of 
greatest value. 

G. R. Lyman, Secretary. 

The March mtmher of Phytopathology u'as issued March 18, 1998. 
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STUDIES ON THE BLIGHT OF CUCURBITS CAUSED BY 
MACROSPORTUM CUCUMERINUM E. & E. 

Harold Roy Brislet^ 

With Three Fioeres in the Text 

* 

A leaf blight of cucurbits, caused by Macrosporium cueumerinum 
E. & E. is of great economic importance in the sections of Arizona where 
cucurbits are grown for commercial purposes. The disease has progressed 
so rapidly from year to year that during 1921 the crops of cantaloupes 
and watermelons wore almost a complete failure in some sections. The 
failure was largely due to the leaf blight, although such other diseases 
as anthracnose {Colhtotrichum lagenarium (Pers.) E. & H.) and a 
bacterial wilt were present. 

SYMPTOMS 

The disease usually starts about the middle of the growing season. 
The first noticeable evidence of it is a tan colored spot the size of a pin 
head formed when the organism has invaded the leaf tissue of the host. 
These mhiute spots enlarge and merge together, ultimately killing the 
leaf. With the leaves thus affected, a field of melons appears as shown 
in figure 1. The enlarged spots are made up of concentric, darker rings, 
always with a small, tan spot at the center. The central spot marks 
the point of infection, and is characteristic of the blight. The color of 
the spots varies according to the host, being light brown on cantaloupe 
and dark brown or almost ])lack on watermelon, but the infection point 
at the center remains quite constant in color. When the over-ripe 
fruit is allowed to remain in the field, sunken spots from one-fourth to 
one inch in diameter appear which later become covered with a dark 
olive green growth of spores. During several seasons of observations 
over an extensive area the writer has never seen infections on the stems 

1 Studies here reported are au abridgmeut of work submitted at the University of 
California as a thesis for the Master’s degree in Plant Pathology in 1922. Acknowled^ 
ment is due to Professor W. T. Home, under whose direction the work was done, for 
helpful suggestions and criticisms. 
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or roots, nor on melons gi owing on diseasccl vines until the fruit has 
become over-ripe. 

PATHOGENICITY 

The organism was readily isolated on prune agar poured plates. The 
disease was reproduced on squash and cucumber leaves by a series of 
sixteen inoculations. These were made both by needle pricks and by 
placing spore-contaminated water on the unbroken leaf surfaces. With 
a single exception all of the inoculations on the leaves were successful 
while not a single infection was produced on the stems. The spores 
produi'ed on one of the diseased leaves weie used for making pure 



Fiu. 1, Leaf blight on cantaloupes. 


culture reisolations. Ono strain was the material employed in making 
106 inoculations on cucurbits and 52 on other plants. This large 
number was made in order to demonstrate the pathogenicity of the 
organism. Ninety-six per cent of the cantaloupe inoculations, ninety- 
five of the squash, ninety-two of the watermelon, seventy of the cucum¬ 
ber, fifty of the potato and forty of the tomato were successful. Figure 
2 shows infections produced by inoculations on the unbroken surface 
of a squash and a watermelon leaf. All of the inoculations made on 
the stems, petioles and roots were unsuccessful. 
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HOhr R-VNOE AND RELATIVE SUSCEPTIBILITY 

Experiments vcre made with ten different host plants (representing 
five different families), and it was found that they could be arranged 
in the following order m respect to susceptibility: cantaloupe, squash, 
watermelon, cucumber, potato and tomato. Those upon which the 
organism did not produce blight spots were turnip, cabbage, bean and 
orange. The growth of blight spots on all of the cucurbits was good, 
the inoculation period ranging fiom three to twelve days. It was very 
slow and unceitain in the cases of the potato and tomato, the period 
langmg from twelve to fifteen days. 



Fig. 2. Cantaloupe leaf-blighi irom inoculation 
CnARACTERlSTICb OP THE FUNGUS 


Some cultural characters. The organism will grow on any ordinary 
culture medium, though it grows best and most rapidly on prime agar. 
In an alkaline or a neutral medium the growth is slow, but when the 
medium is slightly acid it makes fast progress. The colony is most 
easily recognizable when grown on gelatin which is liquified at the center 
of the colony in twelve days. The growth on nutrient agar is also 
striking as the strands of mycelium cling together to form radiating cords 
which branch at relatively long intervals. On culture media the colony 
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is most often of an olivacious color, which is produced by the mycelial 
threads and spores. The former grow through the media while the 
latter are produced on the surface. Many colonies have a large amount 
of aerial mycelium which appears in cottony masses above the media. 

Overwintering of the fungus. Studies described below indicate that 
the spores of Macrosporium cucumerinum do not carry the disease over 
the winter. This function is achieved by the mycelium which is capable 
of living over in the dried tissue. The conclusion reached from the 



TABLE 1 —Tabulated rcsUlta of desiccation. 


Date 

Drop 

num¬ 

ber 

Number 

c^f 

spores 

1 

IB 

Sporos ger¬ 
minating 
after 21 
hours 

Mycelium 
germinating 
after 21 
hours 

Porcontngo 
of spores 
germinating 

Percentage 
of mycelium 
germinating 

Feb. 1 

1 

41 

7 

37 

7 

90 



2 

18 

10 

17 

9 

94 

■EH 


8 

38 

6 

05 

6 

92 

100 

Feb. 10 

1 

28 

4 

12 

4 

43 

100 

j 

2 

10 

2 

S 

2 

42 1 

100 


3 

3.5 

0 

20 

5 

67 

83 

Mar. 17 

1 

21 

4 

2 

4 

9 

100 


2 

35 

0 

3 

5 

8 

83 


3 

80 

5 

4 

5 

6 

100 

Apr. lb 

1 

20 

5 

0 

4 

none 

80 


2 

46 

3 

1 

3 

2 

100 


3 

, 18 

8 

0 

7 

none 

87 
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study thus far is that the only function of the spores is that of dissemina¬ 
tion during the growing season. After remaining dry for a few weeks 
the spores rapidly lose their vitality, while mycelium kept perfectly 
dry for nine months will readily germinate as shown in figure 3. This 
was concluded to be the fact only after many trials which yielded the 
same results. No samples of the diseased leaves now on hand have 
been kept for a longer period than nine months, so it is impossible to say 
for how long the mycelium will keep its viability. 

The experiments regarding the viability of the spores and mycelium 
were conducted as follows. A culture of the organism growing on prune 


TABLE 2 —Growth in millimeters at various temperatvires. 


Tube 

num¬ 

ber 

Con¬ 

stant 

temper¬ 

ature 

°C. 

Diame¬ 
ter of 
growth 
at 
first 

Diame¬ 
ter of 
growth 
after 

4 clays 

Diame¬ 
ter of 
growth 
after 

9 da3’s 

Diame¬ 
ter of 
growth 
after 

15 days 

„ 1 
Spore 

produc¬ 

tion 

after 

15 days 

Remarks 

1 

60 

8 

8 

8 

8 

none 

Organism killed 

2 

45 

7 

7 

7 

8 

a 

Growth very slight 
if any. 

3 

27 

0 

35 

75 

— 

excellent 


4 

21 

0 

24 

55 

80 

good 


6 

18 

0 

15 

32 

49 

good 


G 

11-15 

4’ 

0 

10 

15 

fair 


7 

10 

4 

5 

7 

10 

poor 


8 

3 

4 

4 

4 

4 

few 

The only evidence 
of growth was 
spores at center 
of colony 

9 

0 

4 

4 

4 

4 

none 



—2 

4 

5 

5 

6 

none 


11 

—10 

4 

4 , 

4 

4 

hone 

Medium frozen. 


agar was evaporated to dryness in an incubator at a temperature of 
33® 0. When the culture seemed perfectly dry, three large hanging 
drops of spores and mycelium were made using prune agar as a medium. 
The following day by means of a mechanical stage the writer made a 
systematic count of spores and mycelial threads present in the drops, 
noting whether or not they were germinating. All groups where the 
mycelium was on top of or connected with the spores, all broken spores. 
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and all pieces of mj’-celium shorter than the length of a spore were dis¬ 
regarded. This was possible because of the large size of the spores. 
The above procedure was repeated ten days later with the same dried 
culture as a source of material, and again repeated in each of the two 
following months. The table above shows the results obtained. It 
will be noted that after ten days of drying a good percentage of the spores 
still retained their viability, but after three months practically none are 
capable of germination. However, in the case of the mycelial threads 
the percentage of germination after three months of drying is almost 
as high as it was after ten days. This demonstrates the fact that the 
mycelium will carry the disease over the winter while the spores are 
practically useless in this respect. 

TEMPBBATUEB BELATIONS 

The preceding table shows eleven different temperatures at which the 
growth of the organism was measured. The medium used was carrot 
agar. All of the cultures with the exceptions of numbers 3, 4 and 5, 
were kept at 21° C. for three days so that the colony had attained a 
diameter of 4 to 8 mm. before it was subjected to the temperatures in¬ 
dicated. Each was allowed to remain at a given temperature for fifteen 
days and the growth noted from time to time. It wiU be noted that the 
minimum temperature for growth was found to be about 3° C., the maxi¬ 
mum about 45° C., and the optimum 30° C. 

A MISLEADING SAPBOPHYTB 

A saprophytic Altemaria, which occurs on the diseased leaves with the 
Macrosporium, was introduced into the study because as a result of 
superficial examinations it has been considered and in some cases cited 
as being the cause of the blight. Through a series of inoculations it 
was proved beyond reasonable doubt that the only action of this organ¬ 
ism is a saprophytic one. It does not grow in living tissue and does 
exceedingly well on dead leaves. The relation of this organism to 
temperature shows a much greater range than does the Macrosporium, 
demonstrating that it will withstand more unfavorable conditions than 
will the para'i.ite. 



A FUSARIUM WILT OF SPINACH 

Chas. W. HtTNacnroBD 

« 

With Foxjb FiGxiitE£> in thk Titct 

During the summer of 1919 a disease of spinach was noted in several 
gardens in Moscow, Idaho, and in two other places m the state.^ Since 
no report of the disease can be found in literature, a brief note of its 
occurrence is made at this time. 

The first signs of the disease appeared when the plants were quite 
small. Here and there one was noted which was noticeably lighter 
colored than the rest and whose outer leaves were rolled inward at the 
margin and m more advanced stages were beginning to wither and die. 



Fig, 1. Spinach pUnis ri owing in &1onli/ed soil to which had been added a culture 
ot Fuaanuin apmnnae when the seed was planted. 


The leaves of the entire plant soon developed the same appearance 
and in about ten days these plants were entirely dead. Other plants 
soon developed this same condition and in about three or four weeks 
time, in the gardens where the disease was severe, there were only a 
very few plants which had not succumbed to the disease. 

Upon pulling any of the plants in the advanced stages of the disease 
it was found that they came out of the ground very easily due to the 

^Dr. V. H. Young, Professor of Botany in the University of Idaho, first called the 
author’s attention to the disease on spinach plants m his garden. Later it was also 
found in several other gardens in JSloscow. 
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fact that the loot system had been practically destroyed. Nearly all 
of the fibrous roots were rotted oft and the main root itself was scarred 
and blackened. Upon splitting the mown and main root a marked 
vascular browning characteristic of certain wilt diseases was found. 

When diseased roots weic placed in a moist chamber a white fungous 
growth developed m spots over their surfaces. Upon examination this 
growth proved to be a species of Fusarium. The same fungus was iso¬ 
lated from the interior of diseased roots. 

In the garden where the disease was first noted spinach had been 
planted in the same place two years in succession. Volunteer plants 
v\ ere numerous over this part of the garden during the spring of 1919 
before the ground had been plowed. The disease was much more serious 



Fig. 2 Spinach plants giowmg in Rteiilized soil as check. 


in this garden than m any of the others where il iias nolcd and although 
it is not known whether the disease was present the year before, it seems 
reasonable to suppose that it was and that the fungus overwintered either 
on these volunteer plants or in the soil. 

Spinach seed of the variety known as Long Standing, which was the 
variety on which the disease was first noted, was planted in two flats 
of sterilized soil m the greenhouse. The soil in one of the flats was 
inoculated with a pure culture of the Fusarium which had been previously 
isolated from diseased spinach roots. This was done by mixing a culture 
of the Fusarium growing on steamed rice with the soil when the seed 
was planted. The other flat was left as a check. Very soon after the 
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plants began to emerge there was a very noticeable difference in the 
vigor of the plants in the two flats. Those in the inoculated flat were 
much slower in growth, lighter colored, and some of them soon developed 
the characteristic symptoms of the disease as it had been noted in the 
field. 

Figure 1 shows plants grown in inoculated soil 24 days after planting. 
Figure 2 shows the iminoculated check at the same time. It will be 
noted that many of the plants in figure 1 were already dead and that 
none of them were as vigorous as those in figure 2. Figure 3 shows four 



lio 3. Four fipmarh pUnts, on the left, taken from the check shown in figure 1 
and tour pUniia, on the right, giown in inoculated soil bhown in figure 2. 


healthy plants on the left taken at random from the check flat and four 
diseased plants, on the right, taken from the inoculated flat. The 
blackened areas on the surface of the roots of the diseased plants can 
be plainly seen. 

The disease was found again in several gardens in 1920 and in 1921, 
but only a very few diseased plants were noted in any case. That the 
disease was so much more serious in 1919 may have been due to the fact 
that the season was exceedingly dry and the average soil temperatures 
were much higher than in 1920 when there was an unusually large amount 
of rainfall. During the summer of 1921 the disease was reported from 




Fio 4 A Noimal sporododu&leonidia a comdiophoie andcmamydobportufrom 
27 day old testrtribe culture on potato tuber plug 'mth 6 oc of 5% of malt extract^ 
B,' old’^Bporodo(dual conidiatntb cblamydospores and mycelial cbliunydoeporeB from 
S'^montha old t^t-tube culture on hard oat agar C, free oomdia and D mycelial 
ohlamydospoxes from 9 day old Petn dish potato agar Hagnifieation 1000 times 
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Twin Falls County, which is in the irrigated region of southern Idaho. 
In 1922 it was reported from Lewiston and from Sandpoint. Specimens 
sent to the Experiment Station yielded what is apparently the same 
Fusarium that had previously been isolated. 

As the Fusarium appeared to be different from any previously de¬ 
scribed a culture was sent for identification to Dr. C. D. Sherbakoff, 
Experiment Station, University of Tennessee, EnoxviUe, Tennessee. 
He considers it a new species and describes it as follows: 

Fusarium spinaciae n. sp. (Fig. 4).—Conidia, when borne in sporo- 
dochia, are typically broader toward, and usually abruptly constricted 
at, the apex; pedicellate; mostly 3-septate, 5.25 X 35 (4.8-6.3 X 27— 
43) ii; 1-septate, 4.8 X 20 (4.4-5.0 X 14-24) p.; 0-septate, 3.2 X 8 
(3.0-4.8 X 6-11) p. Conidia, when borne singly on mycelium, are of 
a different type as shown in fig. 4, C. Chlamydospores mostly 0-septate, 
round and smooth, greatly varying in size, 11 (6-18) p.; 1-septate com¬ 
mon, many-celled are also numerous in certain media. Aerial mycelium 
from short to medium height, fine; no sclerotia, no pionnotes; plecten- 
chyma is sometimes produced in form of small flakes; small, whitish 
sporodochia were observed on some media. Color of mycelium on vari¬ 
ous media without addition of sugar is white; with addition of maltose 
it is usually light lilac; on rice, when seven weeks old, color of aerial 
mycelium is, by Ridgeway’s Standard, from light seashell pink to pale- 
purple drab; the line of the medium and mycelium from dark, deep 
vinaceous and pinkish vinaceous to purple vinaoeous, with only a slight 
diffusion of the color into the medium. In the type of sporodochial 
maeroconidia the fungus is very closely related to F. redolens Wr.; 
maorooonidia when borne singly are of a type intermediate between 
Fusaria of the Elegans and MartieUa sections; the cell walls are usually 
thicker and the contents more granular than in most of the Fusaria of 
Elegans section, thus somewhat approaching MartieUa section; on certain 
media, such as soy bean agar, chlamydospores are very numerous and 
very large as compared with other species of Elegans section and, in 
this way, the fungus can be readily distinguished from other Fusaria 
closely related to this species. 

Hab. On roots of spinach, Spmacia oleracea MiU., Idaho, U. S. A. 

Department op Plant Pathology, 

University op Idaho 



OCCURRENCE OF BUNT IN RYE^ 

E. F. Gaines and F. J. Stevenson 
With TVo Figures in the Text 

Bunt or stinking smut, TiLletia tritici (Bjerk.) Wint., is not confined 
to wheat, Triticum sp. but also attacks rye, Secale cereaU L. In the 
literature referring to this parasitic fungus, it has been taken for granted, 
apparently, that it has but one host. Special mention is made of this 
fact by Sutton (3) and Humphrey and Potter (2), who state that bunt 
is limited to wheat as a host. 

In the fall of 1921, one plant of common rye, one Fa plant of a rye 
wheat hybrid, and two Fa plants of a wheat-rye hybrid were found 
affected with smut, of which the fetid odor, and the size, shape, and 
roughened surface of the spores left no doubt that it was T. tritici. 
Figure 1 shows two bunted heads in comparison with a normal head of 
rye. 

These hybrids were made at the Washington Agricultural Experiment 
Station with Rosen rye as one of the parents. As reported elsewhere 
(1), Rosen has been found peculiarly congenial in crossings with wheat, 
for fertile hybrids have been obtained when this rye was used as the 
female parent. Three such crosses have been made, Rosen X Hybrid 
128, Rosen X Jones Fife, and Rosen X Jenkin, but every plant of the 
Fi, the Fi, and the Fa generations has resembled rye, or the female 
parent, in its botardcal characters. The wheat-rye hybrid, Turkey 
X Rosen, also resembled the female parent in the Fi, the F*, and the 
P* generations, although it was different in many respects from Turkey. 
(Such hybrids in which the species of the pollen parent is not recovered in 
succeeding generations are rare, few ever having been cited, the host 
known in crosses with wheat being Aegilops X Triticum vulgare.) 
Bunted plants found in these hybrids, especially in Rosen X Hybrid' 
128, which was like rye in all its taxonomic characters, were thought to 
show genetic relationship with the wheat parent. To find bunt on rye, 
however, could have but one interpretation, namely, that rye is a host 
of Tilleiia tritici. 

To make a further test of this and to determine to what extent bunt 
infection of rye could be induced by artificial means, nine winter ryes 

1 This paper presents the results of investigations conducted cooperatively by the 
Office of Cereal Investigations, Bureau of Plant Industry, United States Department 
of Agriculture, and the Washington Agricultural Experiment Station. 
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and the Fs generation of each of the four hybrids referred to above were 
sown under conditions favoring maximum infection. The seeds were 
blackened with spores of bunt obtained from smutted heads of several 
varieties of wheat and sown October 8, 1921, in a moist seed bed, thus 
insuring a combination of optimum conditions for infection. Fourteen 
spring ryes were treated in the same manner and sown April 29, 1922. 
The results of the 1922 harvest show that four out of the nine varieties 
of winter rye were made to act as hosts for bunt, although these four 
were relatively resistant to its attacks, while the other five apparently 
were immune. 


TABLE 1— Nun^er of hunted and normal plants in rye and ry&-wheai hybrids in com-' 
paiison vnth those in wheat and wheat-rye hybirds 


Crop 

Variety 

Wash. 

No. 

Sown 

in 

No. of plants 



Rye 

Utah 

1741 

autumn 

65 

5 

If 

Common 

1738 

ff 

61 

1 

ft 

German 

1742 

<< 

46 

1 

ft 

YeUow 

995 


35 

0 

ft 

Green 

997 

ft 

36 

0 

“ (Parent) 

Rosen 

1940 

(t 

100 

0 

Rye X Ryo Fe 

Spring X Minn. No, 2 

999 X991 

ft 

14 

2 

kt if 

tt it tt 

999 X991 

tt 

23 

0 

it it 

ft ft tt 

999X991 

spring 

27 

0 

t( 

Spring 

998 

tt 

75 

0 

ft 

ft 

999 

tt 

11 

0 

ft 

Mexican (S. P. I. 26102) 

992 

tt 

46 

0 

ft 

Dakold (0.1.175) 

996 

tt 

67 

0 

it 

Abbruzzes 

994 

It 

67 

0 

ft 

C. 1.169 

993 

tt 

35 

0 

ft 

German 

1742 

ti 

38 

0 

ft 

Common 

1738 

tt 

60 

0 

ft 

Mian. No. 2 

991 

tt 

38 

0 

ft 

YeUow 

995 

tt 

46 

0 

ft 

A. Beardless 

1086 

tt 

48 

1 

tt 

Common 

2349 

it 

17 

0 

tt 

Utah 

1753 

tt 

60 

0 

ft 

Rosen 

1940 

tt 

2 

0 

Rye X Wheat F* 

Rosen X Hybrid 128 

1940 X692 

autujxm 

2008 

68 

ft if 

Roxen X Jones Fife 

1940X371 

tt 

503 

3 

ft tt 

Rosen X Jenkin 

1940X626 

it 

421 

2 

Wheat (Parent) 

Turkey 

826 

tt 

42 

25 

tt tt 

Hybrid 128 

692 

ti 

8 

47 

tt tt 

Jenkin 

526 

it 

8 

10 

t( tt 

Jones Fife 

371 

a 

i 

3 

24 

Wheat X Rye Fs 

Turkey X Rosen 

326X1940 


27 

74 
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Table 1 gives the results of the infection experiments of 1922 on the 
winter and spring ryes and on the various rye-wheat and wheat-rye 
hybrids and their parents. 

All plants that produced any smut balls at all were listed as bunted 
although some of them contained normal as well as bunted heads. The 



Fio. 2. A bunted and normal head of Yellow Rye (left) and of Rosen (right), 
found in the field plots, Washington Experiment Station, Pullman, Washington, in 
1922. (XJ^.) 

F, of Turkey wheat X Rosen rye consisted of ten rows which showed 
infection with bunt ranging from 26 to 100 per cent. Thirty-eight of 
the seventy F» rows of the Rosen X Hybrid 128 family produced one or 
more affected plants while one row showed an infection of 10 per cent 
of bunted plants. Thirty-nine Fs rows of Rosen rye X Jones Fife wheat 
were smut-free, but three others produced a total of eight bunted heads. 
In the other rye-wheat cross, Rosen X Jenkin, two of the 14 F* rows 
produced one infected plant each. The parents of these four crosses 
were sown as controls with the following results: Rosen rye was bunt 
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free, Turkey had 11 per ccnf, Hybrid 128 had 84 per coni, Jones Fife 
had 81 per cent, and Jenkin had 85 per cent of bunted heads. 

The spring ryes were all bunt-free with the exception of Beardless 
which produced four bunted heads on one plant in a rod row containing 
49 plants. Aside from these tests, three bunted plants were found in 
the field plots; one in a plot of Yellow rye and two in a similar plot of 
Rosen, due presumably to soil infestation. Types of each variety are 
seen in figure 2. 

Rosen is supposed to be a true winter variety. The two plants which 
headed no doubt were mixtures or the result of field hybridization the 
previous year. One of the bunted Rosen plants produced a normal head 
which contained green and yellow seeds in the ratio of three to one, 
indicating that it came from a field hybrid seed, presumably wind pollin¬ 
ated the year before from the adjoining plot of Yellow rye. Thus it 
seems likely that the two bunted plants found in the Rosen plot were 
not pure Rosen, but hybrids with other ryes, as the nursery rows of 
pure Rosen could not be induced to produce any bunt at all. 

The question naturally arises as to whether there may have appeared 
a new specialized form of bunt capable of attacking rye, and which 
might be more virulent on wheat than the common bunt. To test this 
point, three susceptible wheat varieties, Baart, Jenkin, and Pacific 
Bluestem, were chosen and the seed divided into three lots. The first 
lot was blackened with spores from the bimted rye head of the previous 
season, the second with spores from a bimted rye-like plant of the Ft 
generation of Rosen rye X Hybrid 128 wheat, and the third with spores 
from a wheat-like plant found in the Ft generation of Turkey wheat X 
Rosen rye. 

A few bunted heads were produced in every case, but there were not 
as many as would have been expected if the seed had been inoculated 
with spores from the normal host. The results are shown in table 2. 

TABLE 2 —IvfeoUon of suacopiibh spring wheats wUh hwni from spores obtained from 

different hosts. 


Number of plants obtained 


Inoculum 

was sown 

Baart 

Jenkin 

Pacific Bluestem 



Normal 

Bunted 

Normal 

Bunted 

Rye 

May 4 

60 

7 

60 

6 

57 

6 

Rye-Wheat 

May 4 

60 

2 

56 

6 

66 

6 

"Wheat-rye 

May 4 

62 

0 

18 

42 

67 

0 

Wheat 

April 29 

10 

47 

8 

79 

12 

72 
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The results obtained from seed inoculated with spores from wheat are 
not strictly comparable with the others, as the seeds were sown on 
April 29, while the others were sown on May 4, five days later. Earlier 
sowings usually produce more bunt, as wheat will germinate in a wider 
temperature range than will the smut spores. 

Three varieties of spring rye also were inoculated with spores from 
these same four hosts, but no bunt appeared. Thus it appears that 
Tilletia tritici may pass one generation on rye as host, and still attack 
wheat feebly, but it is not shown to produce a second generation on rye. 

From the description of Tilletia secalis (Cda.) Kuhn, givenin Saccardo’s 
Sylloge Fungorum, it seems possible that T. tritici and T. secalis are in 
reality the same fungus growing on different hosts. The rarity of 
“T. secalis” is in keeping with the great resistance of the rye varieties 
to T. tritici as determined in the above experiments. 

The possibility of using bunt as an index of genetic relationships 
between wheat and rye in the rye-wheat hybrids is at once apparent. 
These hybrids, after the first generation, have all resembled the female 
parent to such an extent that they might bo mistaken for pure-line ryes. 
This is true of the third generation families of Rosen X Hybrid 128, 
but the fact that they were quite susceptible to bunt as compared with 
the Rosen rye parent, which was bunt free in the control rows, indicates 
that they were true hybrids. Susceptibility to bunt, used as such an 
index, makes the work with hybrids of this nature much more significant 
than was formerly supposed, as it shows that something more than a 
stimulation has gone into the egg in the fertilization process. At least 
part of the chromatin material of the wheat pollen must be present, 
and functional in many of the Fs segregates. 

■Washington Agricultubal Experiment Station, 

Pullman, Washington. 
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STUDIES ON THE SO-CALLED BLACK HEART 
DISEASE OF THE APRICOT 

Helen Czarnbcki^ 

With Plate XI and Fotra FiaxiBES in the Text 

A disease of the apricot manifesting itself by a sudden wilting of 
the foliage and discoloration of the wood has been under observation 
for several years. 

In the spring of 1916, the writer became interested in the general 
group of diseases commonly termed *‘sour sap.” During the months 
of March and April numerous cases of sour sap occurring on various 
stone fruits were observed, this being mainly a bark and cambium trouble, 
while in June a disease also included in this group, which aff ected the 
wood tissue only, was observed. These two marked differences led the 
writer to believe that the latter was a distinct type of disease and further 
study was made of this particular form. 

DISTRIBUTION 

The disease has been observed on the apricot in Alameda, Santa 
Clara, San Benito and Ventura Counties, and on the almond in Merced 
County. It has also been reported as occurring to a slight extent in 
Kings and Orange Counties. The disease is most commonly found in 
three to six-year-old trees which are heavily irrigated during the summer 
and inter-cropped with tomatoes. (Fig. 1.) It is not uncommon, 
however, to find the trouble both in younger and older trees. In several 
nurseries in Santa Clara County apricot seedlings and apricot and 
Myrobolan seedlings budded with apricot a month or so previous showed 
the disease. The distribution in the ntu’seiy was confined to certain 
blodks, while often adjoining blocks were healthy. 

Many orchards of Alameda and Santa Clara Counties were visited. 
In Alameda County, in the young plantings of Centerville and Decoto 
apricot districts, the disease was observed in a large number of orchards; 
usually most of the trees were affected, although it was not uncommon to 
find only one or two affected trees to an orchard. A similar condition 
was foimd in the apricot orchards of Santa Clara County. For several 

* This paper was prepared in 1917 by Miss Czamecki, while a graduate student in 
Plant Pathology at the University of Califorma. Publication has been unavoidably 
delayed until the present time. JEtALPH E. Smith. 
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years Mr. E. L. Morris, formerly Horticultural Commissioner of Santa 
Clara County, had observed the disease in a large number of the orchards 
of his district. Mr. A. A. Brock, formerly Horticultural Commissioner 
of Ventura County, has reported that the disease has been observed 
m many of the younger apricot orchards throughout Ventura County. 
Mr. R. K. Bishop, formerly Horticultural Commissioner of Orange 
County, has observed it to a limited degree in Orange County. Mr. 
F. K. Howard reported that the disease had been quite common in 
Bangs County for many years 



Fig. 1 . Young apneot tree, typically affected with black heart. 

THE DISEASE 

The disease usually begins to show early in June. The leaves at the 
tip of one or more branches of a tree wilt and the wilting progresses 
rapidly downward until the entire branch is affected. The wilted leaves 
turn yellow and finally fall (Fig. 1). Previous to this time, so far as 
the writer has observed, no external symptoms of a diseased condition 
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can be detected. The foliage and fruit develop normally up to the time 
that wilting commences. Often those branches which become partly 
or wholly defoliated produce a pale yellow new growth later in the season. 
This wilting of one or more branches may continue until the dormant 
season. Upon cutting into a wilted branch the wood shows a brown 
to black stain (PL XI, A). The discoloration is often confined to one or 



Pio. 2. Verticiilhun on standard nutnont agar. A,' B, C—^Wtinillatoly branched 
conidiophores bearing single acrogenous conidia from e^iay-old nutrient agar culture. 
D. Aggr^ation of gemmae forming solerotial mass, also from 6-day-old nutrient agar 
culture, 

more annual rings and so, on. cross-sectioning an affected branch, 
concentric black rings are observed. This discoloration was traced 
from affected branches into the main trunk and in no case was it possible 
to cut below the discolored area. However, the discoloration was less 
marked in the lower part of the trunk. Several dozen trees were ex¬ 
amined, but in every case the discoloration was traced into the main 
trunk to the crown. The discoloration often extended into the main 
root, a few inches from the crown, but the laterals showed no darkening 
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of the tissues. These observations were made on two-year-old trees 
when the disease was fully developed for the season. These trees had 
the disease the previous season. Several horticultural commissioners, 
however, have reported that in cutting out wilted branches as soon as 
they appear, they have been able to cut below discolored wood. The 
sudden wilting of the branches is the mechanical effect of the formation 
of gum in the xylem vessels and the cutting off of the water supply 
of the tree. 

In the literature of plant diseases, the only record which we have 
found of the occurrence of any similar disease is a disease of the plum 
in Georgia, called plum wilt. According to Higgins,^ plum wilt is a 
destructive disease of the Japanese and hybrid varieties of plum in 
Georgia, North Carolina and Alabama. It manifests itself very similarly 
and is caused by a fungus of the genus Lasiodiplodia. 

isolation op fungus 

On June 5, 1916, material was obtained from an affected apricot 
orchard at West San Jose, Santa Clara County. Frozen sections were 
made of affected branches, and the xylem vessels were seen to be filled 
with mycelium (PI. XI, D). On June 7, cultures were made from this 
material. The branches were scrubbed and soaked in mercuric chloride 
(1-1000 in distilled water) for 15 minutes, rinsed in sterile distilled water, 
the outer bark peeled off with a scalpel sterilized in the flame and 
sections out off the underlying tissue. Plantings were made on Shear’s 
corn meal agar, standard nutrient agar, and in standard nutrient 
broth. Six cultures were made with each of the media. 

On June 10, aU six cultures on the com meal agar showed an embedded 
fungus growth extending 1 to 3 mm. from the chip of wood. Five of 
the cultures on standard nutrient agar and four of the broth tubes 
showed a similar growth. After one month all six of the bouillon tubes 
showed a white pellicle on the surface and in the mycelium of tho 
pellicle an abundance of small black sclerotial masses were produced. 
A moderate growth extended from the piece of twig at the bottom of 
the tube and an abundance of spores were produced which germinated 
in the liquid and produced a very characteristic flaky growth. 

On June 14, eleven out of the twelve petri dish cultures which showed 
growth were transferred to nutrient agar slants. The original cultures 
were also kept and, with the exception of Pencillium contaminations, 
showed a pure culture of the fungus (Plate XI. C). 

1 Higgins, B. B., Pliun wilt, Georgia Agric. Exp. Sta. Bull. 118, 39 p. tllus. 1916. 
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Isolations were made from material collected at Berkeley, Oakland, 
Centerville and Decoto, Alameda County; Le Grand, Merced County; 
San Jose and Edenvale, Santa Clara County. One hundred and eighty 
two isolations, varying in number from 3 to 42 from each locality, 
jdelded fungus growth in 137 instances. 

All of the above isolations were made from 3 to 6 year-old apricot 
trees, with the exception of the material from Le Grand, Merced County, 
which were from two-year-old almond trees. The fungus was also 
isolated from imported Myrobolan'seedlings, budded with apricot a 
mouth or so previous and also from seedling apricots budded with 
apricot. 

HISTOLOGIC STUDIES OF AFFECTED TISSUE 

A cross section of a badly discolored twig shows the cells of the bark 
and wood tissue to be filled with a mass of brown gum, especially the cells 



Fig. 3. Fruiting bodies on apical twigs alfeoted with black heart. 

of the medullary rays (PI. XI, B). Either in frozen or paraflin sections, 
the fungus can readily be seen in the xylem vessels. In sectioning the 
tips of young growing branches 3 mm. in diameter, which show dis¬ 
coloration, many of the xylem cells show an abundance of the fungus 
mycelium, and the surrounding cells are filled with a brown, gummy, 
granular substance. 

THE FUNGUS 

The mycelium is uniform, septate, branclied, 1.8-2.7 ti. broad. Aerial 
upright verticiUately branched conidiophores, 35-200 p. in length 
bearing conidia 6,75-11.25 X 2.25-6.75 p. at the apex of the branohlets, 
(Pig. 2), are produced in nutrient agar petri dish cultures after 6 days. 

The spores germinate in dilute prune juice, producing tubes 3-45 ^ 
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in length, 5^.5 wide from either or both ends of the spore after 24: 
hours. In three days irregularly branched conidiophores begin to 
pinch off conidia. Often a solitary branch arising from the main mycelium 
produces spores from the tip. In 4-5 days the main mycelium divides and 
an abundance of gemmae are produced (Fig. 2, D). 

CULTURAL STUDY OF THE FUNGUS 

The cultural work up to the present time indicates that the fungus 
belongs to the genus Verticillium and is apparently a new species, as 
no previous record of a Verticillium of a true parasitic nature inhabiting 



Fia. 4. Two-month-old culture of Verticillium on sweet potato, showing the com¬ 
pact aerial growth. 

the sound wood tissue of the apricot, almond or any other fruit tree has 
been found. 

In culture, the fungus produced a similar growth on all the media 
tried, which included standard nutrient broth, standard nutrient agar, 
potato, prune and com agar, steamed rice, oatmeal, string bean pods 
and sweet potatoes. In the liquid nutrient broth an abundance of 
spores is produced from the piece of transplanted fungus. The spores 
germinate and produce a very characteristic flaky growth. In 7 to 8 
days a pellicle is formed on the surface and in the mycelium of the 


222 


Phytopathology 


[Vol. 13 


pellicle sclerotial masses are formed, which consist of an aggregation 
of dark vacuolate gemmae. In the agar cultures, which included stand¬ 
ard nutrient, prune, corn, potato and oat agar, an even, embedded 
growth with a scant production of verticillately branched aerial coni- 
diophores was produced within six days. After 10 days an abundance 
of the black aggregate masses of gemmae was produced irregularly 
throughout the embedded growth and on the surface of the medium. 
In media rich in starch, such as steamed rice, oatmeal, and sweet potato, 
an abundant compact aerial growth was produced (Fig. 4). As the 
cultures became older, black sclerotial masses formed in the mycelium 
and after several months the white mycelium flattened down and the 
sclerotial formation continued until a black crust was formed on the 
surface of the medium. In old cultures secondary white aerial tufts 
were produced. 


TABLE 2— The rate of growth and development of the fungus at the various 

temperatures. 


Culture No. 

Temperature 
Degrees F. 

Age of culture 

Development 

1-6 inc. 

55 

24 hrs. 

Growth—mm. 

7-12 

ti 

64 

24 “ 

Growth—2 mm. 

13-18 

ii 

73 

24 » 

Growth—2 mm. Production 

and germintaion of spores. 

1-0 

U 

57 

4S “ 

No increase in growth. 

7-12 


68 

48 “ 

Growth 3 mm. Production and 
germination of spores. 

13-18 

ti 

75 

48 “ 

Growth 6 mm. Increased pro¬ 
duction and germination of 
spores. 

1-6 

it 

57 

3 days 

Growth 3 mm. Scant produc¬ 
tion and germination of .spores 

7-12 

ft 

68 

3 “ 

No increase in growth. 

13-18 

ft 

68 

3 “ 

No increase in growth. 

1-6 

ft 

60 

5 » 

No increase in growth. 

2-12 

it 

68 

5 » 

Growth 8 mm. 

13-15 

fC 

77 

5 » 

Sclerotia formed on side of flask. 

16-18 

ft 

99 

5 “ 

No increase in growth. 

1-6 

'< 

50 

10 “ 

No increase in growth. 

7-12 

tt 

68 

10 » 

Sclerotia formed on side of flask. 

13-15 

it 

77 

10 « 

Pellicle formed on surface and 
an abundance of sclerotia. 

16-18 

it 

98 

10 “ 

No increase in growth. 
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FORMATIOlSr OP SCLBBOTIA 

In single spore dilute prune drop cultures, portions of the mycelium 
divide into short cells or gemmae. These cells broaden and become 
dark in color, and secondary gemmae are produced. In single spore 
cultures on standard nutrient agar, the gemmae multiplied until black 
sclerotial masses 50 to 250 [k in diameter were produced. 

TBMPBRATURB RELATIONS 

After 10 days cultures in standard nutrient broth kept at 95° to 99° 
F. produced a scant growth in the liquid; at 68 to 77° F. a luxuriant 
growth in the liquid; a heavy pellicle on the surface and abundant 
sclerotia; at 64 to 68° F. a moderate growth in the liquid and a few sclero- 
tia; at 50 to 57° F. a scant growth in the liquid. 

INOCULATIONS 

One set of inoculations was made in June, 1916, on a five-year-old 
seedling apricot. Twenty four one-year-old branches were selected, 
thoroughly washed with corrosive sublimate (1: 1000 in distilled water) 
and a flap was cut through the bark into the wood of each twig. A 
piece of fungus was placed under the flap of 12 twigs and the remaining 
12 left as controls. All were tied with thread and covered with parafiin 
paper. 

After one month, cultures were made from an inoculated branch as 
follows: 

1- 2 inc. 2" from slit—wood discolored—contaminated by bacteria. 

2- 4 inc 4/' from slit—wood discolored—^positive growth of Verti- 
cillium. 

5-6 inc. 6" from slit—^wood discolored—^positive growth of VerticiUium. 

7-8 inc. 8" from sUt—no discoloration—^positive growth of VerticiUium. 

9-10 inc. 10" from slit—^no discoloration—^no growth. 

11-12 inc. 12" from sUt—^no discoloration—^no growth. 

These results, together with the isolations of the fungus from black 
heart material from various sources as stated on page 8 corroborate the 
constant association of the fungus with this disease. 

SOME LIGHT ON THE NATURAL MODE OP SPORE FORMATION 

In January, 1916, it was observed that many of the affected trees 
showed numerous dead twigs, on the surface of which an abundance of 
black fruiting bodies 0.6 to 1 mm. in diameter had developed (Fig. 3). 



224 


PhYTOP 4.THOLOGY 


[Vol. 13 


Freehand and parafiSu sections showed these bodies to be an aggrega¬ 
tion of gemmae into a hard mass, a body similar if not identical with 
the sclerotial mass produced by the Verticillium in culture. No definite 
stroma or spore cavity was observed. These bodies wore often covered 
with a greenish giowth of Cladosporium. Every attempt to culture the 
fungus by sterilizing the surface of the twigs with corrosive sublimate 
and then planting the fruiting bodies on standard nutrient agar failed. 
An abundant growth of the Cladosporium and other saprophytes was 
obtained, but nothing suggestive of a Verticillium. Blackheart twigs 
were placed in water and kept in the open for several weeks and after 
a rain of several days, fruiting bodies which appeared free from the 
Cladosporium growth were found. From the gemmae on the surface 
of these black sclerotial masses, short solitary conidiophores, bearing 
conidia at the apex, were produced. Poured plates were made from these 
spores and a mixed growth of the Cladosporium and the typical Verti¬ 
cillium was obtained. 

On June 6, 1916, small twigs showing typical black heart discoloration 
were cut into 4 inch lengths, soaked in mercuric chloride (1:1000 in 
distilled water) for 15 minutes, rinsed in sterile distilled water, the 
outer bark peeled off with a scalpel sterilized in the flame, and each 
placed m a test tube containing 5 cc. of sterilized distilled water. When 
the twigs were examined March 12, 1917, the surface was covered with 
sclerotial masses similar to those on the affected twigs obtained from 
the orchards. 

PEOBABLB CONTBOL 

The probable method of control will be tree surgery, by immediately 
cutting out wilted branches if it proves possible to cut below affected 
areas, or else by removing the entire tree in the fall, in order to prevent 
spore infection the following year from the fruiting bodies on the dead 
twigs of affected branches. 
























FUSICOCCUM CANKER ON APPLE 
Chaelds Chtjpp and Geace L. Clapp 
With Plate XII 

Young Duches«i of Oldenburg apple trees were sent in February 1921 
from a storage cellar at Newark, N. Y., to the State College of Agri¬ 
culture for examination. Accompanying the specimens was a letter 
stating that about a hundred nursery trees of this variety were affected 
with black cankers at or near the bud union, and occasionally farther 
up the stem near the branches. None of the varieties making up the 
remainder of the stored stock were affected. 

The specimens when examined showed black cankered areas 4 to 6 
inches long, partly encircling the scion and frequently on the stock just 
below the graft insertion. The cankers were smooth externally, not 
depressed, and brown under the bark, the discoloration extending en¬ 
tirely through the sap wood (PI. XII, fig. 5). Superficially the symptoms 
were someAvhat the same as those caused by Bacillus amylovorus, parti¬ 
cularly smce no fungous fruit-bodies were present. Subsequently, it 
was learned that the causal organism seldom fruits until the host has 
been killed. 

In cross section the discolored area is found to be filled with branched, 
septate, hyaline mycelium 1 to 2 ia in diameter. It is both inter- and 
intracellular. Minute stromata form immediately below the periderm 
of the host. These increase rapidly in size and soon show enclosed 
conidiophore layers near their centres. By this time the periderm has 
been pushed outward, and finally breaks, due to the mechanical pressure 
applied to it, thus permitting a portion of the stroma to protrude (PI. XII, 
fig. 7). This opening or hole is at first a narrow slit, but gradually 
becomes circular. The protruding stromata are usually grouped very 
closely together and are quite small as compared with the pycnidia of 
a species of Cytospora which is rather common on weakened apple twigs, 
and which occasionally may be found on the same limb with the fruit- 
bodies described above (PI. XII, fig. 6). 

Isolations were made by planting in potato agar pieces of tissue taken 
at the line of demarcation between the healthy and diseased areas. 
Pure cultures of a rather slow growing fungus were easily obtained. 
Various types of media such as apple agar, cooked apple, sterilized 
apple twigs, oat agar and potato agar were used in the culture work. 
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The organism grew equally well on any of the media, so that for most of 
the later work, potato agar alone was employed. On this medium as 
well as on other agar concoctions, the fungus grows appressed to the 
surface. At first the mycelium Ls white but gradually changes to courge 
green (Ridgeway). In old cultures it is almost totally black with patches 
of white aerial mycelium. The growth is rather slow, taking 7 to 10 
days to spread from the centre to the margin of a nine centimeter petri 
dish when the temperature is at the optimum. 

After two to four months the surface of the cultures is marked with 
numerous tussock-Uke stromata (PL XII, fig. 4) in which are found the 
spore bearing cavities. The number of these cavities in each stroma 
varies from one to several. They are very irregular in outline, and differ 
much in size. The principal cavity ordinarily is ellipsoidal with one or 
two partly separated chambers branching from the main loculus. The 
cavities are lined with thin long, straight eonidiophores arising from 
cells of the pseudoparenchymatous tissue. 

Arising from similar cells and thickly interspersed among the edni- 
diophores are thin, long, hyaline, variously curved, unicellular bodies, 
which in another species have been named scolecospores by Shear (7) 
and are generally referred to by European writers as pseudo-paraphyses 
(PI. XII fig. 8). The latter term is probably the more desirable since 
they have never been induced to germinate. Furthermore, the prefix 
to the term would differentiate them from the true paraphyses present 
in asoomycetous fruit-bodies. The pseudo-paraphyses are deciduous, 
and not only are found emerging with the conidia, but are present m 
abundance after the conidia have aU been discharged, and may then be 
seen exuding in a grayish slimy mass. 

The conidia are hyaline, one-celled, and cylindrical with tapering 
ends. They show two very pronounced oil-droplets, which in darkly 
stained preparations have the appearance of cross walls. Singly they 
appear hyaline; in mass they are yellowish and discharged in long orange- 
colored tendrils. They germinate readily at room temperature in 24 
hours. 

The fungus in question is a Fusicoccum. Several of the species of 
this genus have been described as occurring on dead or living parts of 
fruit trees. Ellis and Everhart (2, p. 287) describe F. persicae on dead 
limbs of peach trees. Potebnia (4, p. 15) lists F. pruni on plum. Reddick 
(6) proved that F, viticola was the cause of the dead-arm disease of 
grapes, while three species have been found on apple, namely, F. com- 
planatum Delacr. (1), F. malorum Oudem. (3, p. 529) andF, microsporium 
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Potebnia (4), This last species, as described by Potebnia, has a stroma 
like that of F. complanatum, but the spores are smaller than those of the 
latter fungus. Saccardo points out that Potebnia was working with 
immature specimens, and that during the following June spores 10 (jl in 
length were produced. He, therefore, makes F. microsporium synony¬ 
mous with F. complanatum. Other species have been found on widely 
different hosts. 

Roberts (8) has described a fungus on apple, and following Diedicke’s 
classification (9), has named it Phomopsis mali. As far as spoie measure¬ 
ments are concerned it compares closely with the Fusicoccum. In 
other respects it is quite distinct. According to Roberts, “The globose 
rather large pycnidia of the fungus develop singly or in a raised stroma 
from one-half to one cm. across. ” The Fusicoccum pycnidium, on the 
other hand, is comparatively small, elliptical rather than globose, and 
no stromae have been found which measured even a thousand microns 
across. Furthermore, the cankers are perfectly smooth so that they 
never suggest a “rough-bark” condition, and leaf inoculations have 
not proved successful as were those reported by Roberts for Phomopsis 
( 10 ). 

As far as the gross morphological characters are concerned, the fungus 
oii the Duchess nursery stock differs from all the describea species with 
the possible exceptions of F. viticola Reddick and F. malorum Oudemans. 
For instance, in F, complanatum, of which type specimens from Dela¬ 
croix’s collections of 1890 and 1908 were kindly sent to the writers by 
Dr. E. Fo§x of France, the spores differ from those of the fungus in 
question both in width and length, and the pseudo-paraphyses are unlike, 
being 4 to 6 pi in width, very long, branched, and multiseptato. 

The description of F. viticola Reddick, on the other hand, fits the 
fungus very closely, and the possibility presents itself of the dead-arm 
organism also causing a canker on apple. Two different collections of 
dead-arm were obtained from the Chautauqua grape district and iso¬ 
lations made. The cultures on potato agar at first resemble very closely 
those that wore obtained from apple, that is, the mycelium is closely 
appressed to the agar and, snowy white, but it grows much more slowly 
(H, XII, fig. 9) and does not turn to courge green or black. In addition 
when apple twigs on growing trees are inoculated, no canker results, 
although inoculations made with the apple fungus on the same trees 
give typical cankers in from three to four weeks. The inoculations are 
made by first washing the twig with a corrosive sublimate solution, and 
rinsing with sterilized water. A leaf petiole is then removed close to 
the twig with a flamed scalpel, a smaE amount of mycelium culture 
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appKed, after which the lesion is wrapped in cotton which has been 
rinsed in sterilized water. The cotton is protected by lead foil wrapped 
over it. It has been found that the apple fungus will not produce 
infection unless the host is first injured. When the inoculum is applied 
over a cut leaf petiole, the results apparently are surer than when inocu¬ 
lations are made directly through the bark. In a similar manner inocu¬ 
lations were made on grape. The apple fungus did not cause dead-arm, 
while definite lesions were produced by F. viticola. 

From the results of these reciprocal inoculations and reisolations 
together with the differences in cultural characters, such as color and 
manner of growth, it seems safe to conclude that the organisms on 
apple and on grape are two distinct species. 

It is not so easy to prove that the apple fungus is different from species 
named by Oudemans as Fusicoccum malorum, and which he described 
as follows: 

“Stromata wartlike, black, erumpent, of various forms, with very 
uneven surface, irregularly chambered, the chambers lined with straight, 
rather long sporophores. Spores spindle-shaped, hyaline, unicellular, 
smaller at each end, 7-9 [x X 2-3 {x.” . 

Nothing at all is said regarding pseudo-paraphyses which are usually 
the most striking parts of the pycnidium. Furthermore, Oudemans^ 
fungus was found on the apple fruit and not on the branches. This 
may be an important difference inasmuch as the Fusicoccum found on 
the nursery stock probably never causes a rot or spotting of the fruit 
under natural out-door conditions. It is true that the orgainsm will 
cause infection when artificial inoculations are made, but the progress 
of decay is so slow that even under optimum temperature and humidity 
it takes six weeks to get any appreciable amount of infection, and six 
months to decay the whole fruit, or to obtain spores for dissemination. 

The description of F. malorum being so meagre, a request for type 
material was made. Dr. J. C. Schoute, director of the Grdningen 
Botanical Laboratory of the State University, Holland, kindly searched 
through the herbarium left by Dr. Oudemans, but could find no material 
under that name, or under any possible synon 3 mious name. The lack 
of type material makes it impossible ever to compare the two organisms. 
Consequently, it is considered better to place the apple canker fungus 
under a new species and describe it as Fusicoccum pyrorum n. sp. 

l^sicoccum pyrorum n. sp. 

Stroma very pronounced, at first covered by the periderm of the host, 
later erumpent, enclosing one to several irregular plurilocular pycnidia, 
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horizonta^y ellipsoidal, from 300 to 500 {jl X 450 to 900 (a. The cavities 
are lined with narrowly lanceolate, hyaline conidiophores approximately 
15 {A X 1 tJt. Interspersed among the conidiophores are thin, long, 
hyaline, variously curved, deciduous pseudo-paraphyses, 0.5 to 1.8 (a 
in width and 15 to 30 tJi. in length, averaging 1.2 X 23.4 Conidia 
are one celled, cylindrical, bi-guttulate with tapering ends, and dis¬ 
charged in yellow tendrils. The conidia vary in length from 6 to 10 (a 
and in width from 1.5 (a to 3.5 (a averaging 2.5 X 7.5 [a. 

Produces cankers on living branches and trunks of Pyrus mdkis L. 

The ecological relationships of the parasite were not studied, but 
incidently a few observations were made. At first the cultures were 
placed in an incubator registering 27® C. At this high temperature, the 
mycelium grew very slowy, and fruit bodies were lacking entirely. 
When the temperature was reduced to 25® C. the mycelium grew luxuri¬ 
antly, still no pycnidia were formed. All the cultures, however, when 
removed from the incubator and held at room temperature (18 to 21® 
C.) produced pycnidia abundantly. 

The fungus is found on trees that first have been injured or weakened 
from some other cause. The Duchess of Oldenburg trees, on which 
the organism was first discovered had been placed in storage, and evi¬ 
dently were not in as vigorous condition as was the other stock in the 
same storage house. The same disease was found in Wayne County, 
N. Y., during the summer of 1922 on young Twenty Ounce trees that 
had been damaged by low temperatures during the previous winter. 
Specimens were received also from Picardy, Maryland, the twigs of the 
young trees having been injured severely by the Buffalo treehopper 
{Ceresa hubalus Fab.). Furthermore, the trees grown outdoors with¬ 
stood infection to a much greater extent than did similar trees which 
had been transplanted into the greenhouse. 

Ulster County, New York, and Suffolk County, Long Island, may be 
added to the places mentioned above where Fusicoccum pyronm has 
been collected. Probably it is rather common but has been overlooked 
because of the other forms of the imperfect fungi found on the weakened 
or dying parts of the apple tree. 

No attempts were made to apply control measures, but from the 
results of inoculation experiments, it would seem that the keeping of 
the trees in an actively growing condition, and free from injuries would 
be the two requirements necessary for keeping the fungus in check. 

Cornell University, 

Ithaca, N. Y. 
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DESCBIPTION OF PLATE XII 

Fig. 1. Canker on branch showing discoloration of bark. The dead area is not de¬ 
pressed. 

Pig. 2. Part of an infected twig, which had been placed in a moist chamber until 
the spores oosed m tendrils. 

Fig. 3. Canker on young tree which had been inoculated with a pure culture. One 
infected twig was removed. 

Fig. 4. Inoculated apple fruit, shovring decay and stromata. The inoculations 
were made six weeks and nine months respectively, before photographing. 

Fig. S. Cross section of cankered branch showing depth of injury. 

Fig. 6. Canker showing fruit bodies of Cytospora (the large, scattered projections 
on the left) and Fusicoccum (the smaller, more numerous ones on the right). The 
pycnidia of Cytospora are tipped with white, and come to a sharp point, while the 
pycnidia of Fusicoccum have rounded tops, and elongated slits. 

Fig. 7, Cross section of pycnidium which is lined with conidiophores and pseudo- 
paraphyses. 

Fig. 8. Photomicrograph of spores and pseudo-paraphyses. 

Fig 9. Cultures of F. pyrorum and F. viticola showing the more rapid growth of 
the former. Both cultures were prepared at the same time. 
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THE RELATION OF SOIL MOISTURE TO THE DEVELOP- 
]MENT OF COMMON SCAB OF POTATO 

G B S \NPORD 

The development of a scabby or clean crop of potatoes has almost 
always been explained on the basis of acidity or alkalinity of the soil, 
but there are numerous instances where scabby or clean crops of tubers 
have been harvested apparently regardless as to whether the soil 
received a treatment of acid or base forming chemicals, or no treatment 
at aU. This indicates that soil reaction, after aU, may not be the most 
important factor in influencing the development of the disease. 

Another explanation often given is that the severity of scab may be 
directly proportional to the number of organisms in the soil, but the 
correlation does not seem to be consistent. 

Extensive fi.eld observations and experimental work with common 
scab in Alberta suggested to the writer that soil moisture often might 
exert a strong influence on the development of scab. Experiments 
therefore were begun at the University of Alberta in 1921 and were 
continued in 1922. During both years the work was carried on under 
conditions as near those of the field as possible. For instance, plenty 
of room was allowed to plants, and ordinary untreated soil was used. 
In 1921 the plants were grown in boxes, 6' by 3' by 1'; and in 1922, 
large tin cans, 22" in diameter, each containing two plants, gave even 
better service. The boxes were lined with thick oil cloth to aid in con¬ 
trolling moisture, and water leads were arranged at the corners and 
bottom edges so that water might be evenly distributed from the bottom 
as well as from the surface of the soil. A dark organic sandy loam soil, 
common in Alberta, was used in the experiments. It had produced 
scabby crops the three preceding yeais and evidently was heavily in¬ 
fested with Actinomycctea scabies (Thax.) Ghssow. No inoculum was 
added. In 1922 a part of this soil was thoroughly mixed with surface 
soil from the University Experimental Plots which had grown one 
moderately scabby potato crop. 

In order to get a greater temperature range (1921), one section was 
placed in the greenhouse where the plants grew to maturity under high 
temperatures during the months of July and August. The other section, 
a duplicate of that in the greenhouse, was arranged at the same time 
in the field where the soil boxes were neatly fitted into carefully dug 
trenches. This arrangement allowed the surface of each box to be 
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level with the ground so that approximately field temperature might be 
obtained in the soil. As it was impossible to control temperature under 
these conditions, the best that could be done was to take daily tempera¬ 
ture readings at a depth of 4 inches. 

Three series were run: dry, medium, and moist. On an air dry basis 
these represented a moisture content of about 12. 18 and 28 per cent 
respectively. The dry soil held too little moisture to produce a good 
crop, the medium was considered optimum, and the moist soil contained 
too much to permit normal growth of the plants. In 1922 5 series were 
tried (A, B, C, D, E). On an oven dry basis, the percentage moisture 
content of each series was: A—^8, B—14, C—^22, D—^29, and E—^34. 



Fig. 1. Tubers from dry, medium, and moist soils in 1921. C8.ight ^o left.) Upper 
row grown m greenhouse; lower row grown in field, section of experiment. 

The moisture content of A was so low that no tubers were produced; 
B allowed a fair growth of plant and tubers; C was better than normal 
field conditions; and both D and E might be considered too moist for 
good cultural conditions. The moisture content was kept nearly con¬ 
stant by daily weighings m 1922, but in 1921 water was applied according 
to frequent soil moisture determinations. 

1921 EESTILTS 

The relative amount of scab produced in the dry, medium, and moist 
soils is shown in figure 1. Badly scabbed tubers were produced both in 
the dry soil and in the medium, but the potatoes in the moist soil were 
practically clean. Scab developed exceptionally well in the field where 
the soil temperatures ranged from 14.5® C. to 19® C. These figures 
indicate that soil temperatures in Alberta are not low enough to prevent 
the development of scab. 
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1922 RESULTS 

The 1922 findings are similar to those of 1921. Figure 2 shows, in 
duplicate, the relative amount of scab produced in each series, excepting 
A, in which no tubers were formed because of insufficient moisture. 
In all cases the worst side of the potato is represented. Actual coimts 
of scab spots are given in table 1. 



Fig. 2. Duplicate soil moistures of B, C, D and E, showing the effect on scab 
development in 1922. 
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TABLE 1 —The effect of different peicentages of soil moisture on Uie development of scab. 


Percentage 


Large 

Small 



Moisture 

fk)il 

(spots) 

(spots) 

Deep 

Total 

14 

Bi 

26 

448 

10 

474 



83 

558 

27 

641 

22 

Cl 

7 

4 


11 


c, 

7 

4 

3 

11 

29 

Di 

1 

0 


1 


Ds 

» 6 

13 


19 

34 

El 

2 

10 


12 


Es 

2 

8 


10 


From the figures of table 1, it is evident that the soil contained an 
abundance of the scab organism and that moisture appears to have 
controlled, in some manner, the development of scab on the tuber. 

Since the amount of scab has generally been attributed to the basic 
or acidic condition of the soil, hydrogen-ion determinations were made 
at intervals during the season by means of Leeds-Northrup type “K” 
potentiometer. The results are given in table 2. 


TABLE 2 —The hydrogen-ion concentration^ at different dates in soil containing 

different amounts of moisture. 


Percentage 






Moisture 

Soil 

July 28 

Aug. 23 

Sept. 7 

Sept. 17 

8 

A 

7.7 

6.1 

6.6 

6.8 


A 

7.7 




14 

B’ 

7.7 

6.1 

6.8 

7.1 


B 

7.7 




22 

C 

7.7 

6.7 

6.9 

7.2 


C 

7.7 




29 

D 

7.6 

6.9 

7.0 

7.2 


D 

7.7 




34 

£ 

7.7 

7.1 

7.1 

7.2 


. E 

7.6 





The experiment was started June 10 and tubers formed about July 
25 and grew until September 17. It will be seen from table 2 that the 
pH values in the different soils were nearly the same on July 28; on 
August 23 the soils were slightly acid, while on September 7 and 17 
there was a return to neutrality or slight alkalinity. These figures 
indicate that dry soils actually are more acid than moist soils under 
these conditions, and that hydrogen-ion concentration increased as the 
tubers grew. Apparently moisture, not acidity, was the controlling 
factor since the dry soil produced the scabby tubers and the more alkar- 
line soil nearly scab-free potatoes. 
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An experiment was made to ascertain at which stage in the develop¬ 
ment of the tuber moisture exerts the greatest influence on the develop 
ment of scab. While results were not entirely conclusive, it was clearly 
evident that if the soil is moist for a short time after the tubers are set 
they will not become scabby even after the soil becomes dry later in 
the season. This is shown clearly in table 3. The potatoes were planted 
in soil containing about 34 per cent moisture in large cans on June 10 
Two cans were run in each series. The boU was all kept moist until 
June 26 when the soil in the first series was permitted to dry until a 
water content of 14 per cent was reached. Ten days later the next of 
the series was dried, and so on until August 25 when all had been dried. 
Results given in table 3. 



Fia. 3. Tubers from the dry soil which became accidently wet during early tuber 
growth. 

TABLE 3 —Scah dmlopment in i elntum to soil moisture at di^erent periods of tuber growth. 


Soil 

Date 

Number of 


dried 

infections 

1 

June 26 

111 

2 

July 6 

312 

3 

July 10 

220 

4 

July 26 

3 

5 

July 31 

46 

6 

August 5 

9 

7 

August 16 

0 

8 

August 25 

4 

• 


Relative to moisture and the (nitical period for susceptibility, an 
interesting accident in 1921 seems worthy of mention. During the 
early development of the tubers, as noted at the time, a sudden down- 
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pour of rain choked the drain provided, and the water ran under the 
canvas shelter and into both ends of one of the dry soil boxes completely 
soaking the ground at the ends. Five days later this occurred again. 
Both times the moisture did not reach the middle hill to any extent. 
The soil became dry again and at harvest the end hills were surprisingly 
free from scab, while the middle hiU was very scabby. Figure 3 shows 
the hills as they came from the soil. 

SUMMAKT 

A study of the effect of soil factors on the development of common 
scab of potato has been made for two years at the Department of Field 
Husbandry, University of Alberta. The following conclusions seem 
justified. 

Moisture appears to be directly or indirectly the main soil factor 
controlling the development of potato scab in the type of soil used. 

Abundant scab developed in very dry soils, while soils sufiSciently 
moist produced almost clean tubers. 

The hydrogen-ion concentration of dry soils, which grew scabby 
potatoes, was slightly greater than that of the moist soil throughout 
the season. Scab developed abundantly in a hydrogen-ion concentration 
of about a pH 6 to 7. 

There seems to be a critical period for susceptibility in the growth of 
the tuber, after which very little scab infection takes place. 

A count of the Actinomyces in the soil used, and in others, shows 
that the organisms are very abundant in Alberta soils. 

The study of this problem is being continued in the Division of Plant 
Pathology, University of Minnesota. 

Univbbsitt of Alberta. 



AN OUTBREAK OF HOPPER BURN IN VERMONT 

B. F. Ltjtman 

With One Figuke in the Text 

In spite of a very cool and rainy summer, leaf hoppers have appeared 
in considerable numbers on the potato plants at Burlington, Vermont, 
and have induced the very characteristic appearance on them described 
by Ball (1) in 1918 for the middle-west region of this country. The 
burns were first noted about August 15 on some Green Mountain plants 
brought into the laboratory for another purpose. The very cool season 
has prevented much tip burn of the physiological type so that an oppor¬ 
tunity has been given this summer to see practically pure "hopper burn." 
The potato foliage does not seem to have attained the dark green color 
so characteristic of it, and these yellow-green leaves and plants have 
died early without the wilting and gradual advance during hot brilliant 
days which the author has described in other papers (3, 4). A study of 
the leaves cleared according to the alcohol-potassium hydroxid glycerin 
method (4) has shown that the water pores and the tissues surrounding 
the water chambers are not brown and dead as was evident according 
to the observations of last summer but are apparently functioning 
normally. A few exceptions were apparent under the water pores at the 
extreme points of some of the leaflets where this apical portion had 
apparently succumbed to drought, but in general the marginal tissues 
seemed to be healthy. 

Some leaf hoppers were noted during July, but durmg early August 
they became so numerous that a few of the young hoppers were found 
on every plant. The hopper bum was not seen, however, until a little 
latet, when a few rather warm da 3 rs with a fair amount of sunshine 
brought it to notice. The hopper burn has been so carefully described 
by BaU that it is hardly necessary to restate the sjnmptoms here, but 
in view of the fact that the author has worked with the other phase of 
the disease, it may be worth while to record the advance in death of 
parts of the leaves as they appear to a plant pathologist. 

1. The most striking difference is first noted in the portions of the 
leaf involved. The veins and their adjacent tissues become brown to 
the unaJfeed eye in a V-shaped wedge of diseased tissue. It will be dis¬ 
covered that the browning extends much further along the fine veinlets if 
the leaflet is cleared and examined under the low power of the compound 
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microscope, but it seems not to extend beyond the veins themselves. 
The sieve-tubes and companion cells of these veinlets are brown but 
along the larger veins, the long parenchyma cells which enclose them 
seem to be dead as is often the case with the tissue of the leaf itself. 
The striking point, however, to a student of physiological tip bum is 
that the vascular system leading from the mid-rib is the centre of the 
disturbance. The death is from the centre of the leaf outward while, 
m physiological tip burn, the reverse is true. 

2. The second most striking difference lies in the portion of the leaflets 
involved. Tip burn would be a misnomer for hopper burn as any portion 
of the leaf might be involved and destroyed by the attacks of the insects 
and the tip is not more susceptible than the basal portions. In facts the 
insect may attack and destroy the main vein of the leaflet leading to 
the tip and the tip stiU remain green because the water continues to 
flow into it through the marginal plexuses described by the author in 
a previous paper. Figure 1, D illustrates this point. The mid-rib had 
collapsed and was brown as was also the surrounding tissue for an area 
of about a half a centimetre, but the extreme tip was unaffected. The 
same thing is shown in figure 1, A where the side ot a leaflet died but the 
tip did not. Such a condition would not occur in ordinary tip burn of 
the physiological type. 

It is very evident that in many instances it is almost impossible to 
distinguish the two forms of injury since they occur simultaneously. 
A careful examination of a number of the leaflets will make it fairly 
clear as to the factors involved if the two differences noted above are 
kept in mind. The entomologists have in some cases assumed that only 
one type can occur. 

3. The seriousness of hopper burn as compared to physiological tip 
burn depends on the character of the weather during the summer in 
which the study is made. During the summer of 1921, when many 
plants in Vermont fields were almost denuded of their foliage by tip 
burn in a few weeks, the leaf hoppers must have played a very minor 
role, but during the summer of 1922, the bulk of the injury was of msect 
origin. There seems to be no question that the leafhopper can kill the 
leaflets even in cages and under greenhouse conditions where the sunlight 
is so weak that it will only rarely bring about a scald or burning in a 
few leaflets. In a hot, dry period, however, the sunlight may^jremove 
30 to 60 per cent of the foliage in a week by causing extreme plasmol 3 rsis 
and pronounced wilting of the tips and margins. It would seem, there¬ 
fore, to be a problem for the plant pathologists each year in the potato 
growing regions to note the advance of tip bum and to collaborate with 
the entomologists in determining the relative amount of the two types 
of injury. 
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Has the leaf hoppci spicad fiom the western sbatos eastwaid lu a 
similar mannei to the Colorado potato beetle? How docs the leaf 
hopper woik on the Itaflets? 

The spread of the leaf hopptr=! if it occmicd is piobablj veij lecent 
—a fact which should be ascei tamed before the evidence is lo&t A small 



riG 1 Oharactenstio hoppei bum Its early stages are shoTvn la leaves A B and C 
rbe mid rib of leaf D (much magnified) is collapsed the sunounding tissue being 
brown and dead Ihe tip is still green except at the e^rme point Leaf B seems to 
be in the early stages of physiological tip bum especially on the left side 
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inconspicuous insect of this type could gradually make its way east¬ 
ward without being noticed. The early descriptions of tip burn undoubt¬ 
edly dealt only with the physiological form and the introduction of the 
hopper has injected quite a new factor into the problem. 

The means whereby such small insects bring about such an almost 
increditable amount of injury in so short a time should be determined. 
The entomologists do not seem to collaborate with the plant patholo¬ 
gists in this study. The earlier views of Ball that the injury was partly 
mechanical in the destruction of the veins and partly physiological in 
the withdrawal of water from the cells is probably more nearly correct 
than that of Eyer (2) who would have us believe that some toxin is 
exuded as the hopper pmnps the juice from the leaves. The experiments 
of this investigator would seem to indicate some such substance but it 
is doubtful if such an assumption is really necessary. A careful study of 
a number of leaves cleared in glycerine frequently failed to reveal the 
exact spot where the leaf was punctured by the proboscis of the hopper 
although the general region of destruction could be seen. Ball and 
others have noted the tendency of the hoppers to sit and suck on the 
veins on the underside of the leaf. A more careful study should be made 
of the feeding habits. It seems very probable, that the proboscis is 
inserted over and over again into the leaf, the operation being repeated 
as often as the supply of juice becomes scanty. 

The cells accompanying the vessels, both the sieve tubes and their 
companion cells, as well as a surrounding sheath of parenchyma, are 
all much elongated and plasmolyse much more readily than even the 
long palisade cells. This fact can bo readily confirmed by using solutions 
of various strengths of potassium nitrate on leaf sections. It seems 
not unreasonable to assume, therefore, that the leaf hopper removes 
the water from the tubes and from the adjacent sieve tubes, companion 
cells, and elongated parenchyma to such a degree that they plasmolyse 
and collapse to a point where they cannot regain their turgidity, and 
as a consequence they die and become brown in color. The extent of 
injury about such an attacked region would depend upon the amount 
of water in the soil, on the warmth and brilliance of the sunshine and 
on the humidity of the atmosphere. This explanation would seem to 
cover the faces observed by a study of the leaves themselves and to 
obviate the assumption of toxic injection. 

LITERATUBB CITED 
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POTATO SCAB IN NEW LAND 

B. F. Lutman 

Some years ago, Mr. G. C. Cunningham, then associate Plant Pathol¬ 
ogist of the Vermont Agricultural Experiment Station, suggested to 
the writer that a study of the occurrence of scahby potatoes on new 
land that had not been previously cropped might throw some light on 
the suspected general distribution even in new soil of the scab producing 
organism. Mr. Cunningham left the Vermont Station before any 
experimental work was done in this connection but the author has 
carried out field trials during the past six years with a view of throwing 
light on this subject. 

There is very little literature on the subject of the occurrence of any 
disease in absolutely new soil, apparently free in every way from the 
organisms associated with it. Plant pathologists seem so obsessed by 
the narrowest possible interpretation of the germ theory of disease that 
even the suggestion that many of the parasitic organisms are only 
common saprophytic ones whose mode of life has been altered, would 
be regarded as rank heresy. Every specific disease has its own specific 
parasite associated with it. Jones and Edson^ at the Vermont Station 
in 1901 unintentionally have shown that potatoes may be scabby even 
though raised on new land. These investigators attempted bo find 
land that contained no scab producing organisms in order to test the 
efficacy of seed treatment. Absolutely new land that had been recently 
cleared of pine and had not been previously cropped was planted with 
seed that had been soaked for one and a half to two hours in corrosive 
sublimate solution, one part in a thousand of water, or in formaldehyde, 
one part in two hundred and forty of water. It is generally assumed 
that this treatment is sufl&cieni to kill all fungi of the Actinomyces type 
and laboratory tests confirm this assumption. In spite, however, of 
such treatment, the rows containing seed pieces soaked in the corrosive 
sublimate solution produced 2.75 to 5.9 per cent and those soaked in 

^ Jones, L. E. and A, W. Edson. Potato scab experiments of 1901. Yemont Agric. 
Exp. Sta. 14th Ann. Kpt., 1900-01: 231-236. 1901. 
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formaldehyde solution 1.50 to 10.66 per cent of scabby tubers. The 
only possible assumption of error for those who believe that the parasites 
are always introduced into virgin soil by scabby seed, is in the unre¬ 
liability of the disinfection methods. 

In 1916, four small plots of formaldehyde disinfected potatoes were 
planted in small spots, open to the sky, in the “College Woods,’* a 
white pine growth at least fifty years old and uncleared in the present 
generation. 


TABLE 1 —Shoiving the percentage of scab and Rhieoctonia infected potatoes in four 
small plots, in soil which had not been cultivated for at least 50 years. 



Di'^ease 

Tubers 

free 

from 

Slightly 

scabbed 

tubers 

Badly 

scabbed 

tubers 

Per 

cent 

clean 

Per cent 

slightly 

scabbed 

Per cent 
badly 
scabbed 

Plot 1 

13 tubers^ 

Common scab 

10 

3 

0 

77 

23 

0 

Rhizoctonia 

13 


0 

100 

0 

0 

Plot 2 

15 tubers* 

Common scab 

9 

6 

0 

60 

40 

0 

Rhizoctonia 

0 

6 

9 

0 

40 j 

60 

Plots 

110 tubers® 

Common scab 

56 

36 

18 

51 

33 

16 

Rhizoctonia 

76 

22 

12 

69 

20 

11 

Plot 4 

88 tubers* 

Common scab 

11 

16 

1 

39 

57 


Rhizoctonia 0 

16 

12 

0 

57 

43 


1 Four hills in sandy, dry soil on a hill side. 

s Fo\ir hills in very dry, sandy soil on top of a hill. 

•Fifteen hills in sandy loam. 

* Six hills in sandy loam with much forest humus; in a shady situation; yield small. 

The work was discontinued during 1917 and 1918» owing to lack 
of assistance, but experimental work was again attempted in 1919, 
when about an eighth of an acre of clean, disinfected Green Mountain 
potatoes were planted in a piece of land cleared of pine during the 
preceding winter. No commercial fertilizer was put in the hills. Many 
of the pine roots and stumps were still in the plot. The soil was very 
sandy but with an abundance of forest humus. The plot was in a very 
low lying situation and in the early spring the water table was not over 
a foot from the surface of the ground. An examination of several bushels 
of the tubers produced showed between one half and one per cent of 
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them with typical deep scab spots. In the majority of cases these 
lesions were single but occasionally an entire end or side of a tuber was 
covered by the brown corky growth. 

In 1920, part of the same land was planted with clean disinfected 
Irish Cobblers, and some rows were placed in a new strip that had been 
cleared of pine during the winter. A commercial potato fertilizer was 
added to the hills. The count showed 93 per cent of clean tubers and 
7 per cent of scabby tubers on the land used the year before and 97 per 
cent of clean and 3 per cent of scabby on the potatoes from the virgin 
soil. The new land was a little lower and wetter than the old portion. 

In 1921, the same land was again employed for these experiments. 
A strain of Green Mountain seed, clean, but also disinfected with for¬ 
maldehyde was planted and commercial fertilizer was added to each 
hill. When the plants were dead,—Sept, nineteen,— and the rows 
dug, it soon became apparent that the amount of scab in various parts 
of the long narrow plot varied greatly so the results were compiled in 
three parts. 



Glean 

Slightly 

scabbed 

Badly 

scabbed 


per cent 

tubers 
per cent 

tubers 
per cent 

South end 

40 

43. 

17. 

Middle 

87. 

12. 

1.0 

North end 

83. 

15. 

2. 

Average for 
entire plot 

71. 

22. 

7 


The two ends of the plot were apparently the same soil and had re¬ 
ceived identical treatment. Poured agar plates showed an abundance of 
organisms of the Actinomyces chromogenus type present in the north end. 

The experiments made in 1919, 1920, and 1921 illustrate the rapid 
increase in scabby potatoes on land continuously cropped with potatoes. 
The occasional scabbed tuber of 1919 increased to 60 per cent of the 
crop at the south end of the plot in 1921, even when all precautions were 
taken against the introduction of parasitic strains of the seed tubers or 
in the manure. It would hardly seem possible that the few lesions 
found in 1920 would so infect the soil that almost every tuber in growing 
would come in contact with a bit of parasitic mycelium unless the roots 
of the potato were covered with it. It would seem more reasonable 
to suppose that the particular methods used in potato tilth give the 
organisms of the scab type a chance to come to the front in the des¬ 
truction of the cellulose in the soil humus and that parasitism is entirely 
secondary. 
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Tho same plot was again planted in 1922, but the very rainy June 
(9.92 inches) caused every seed piece to rot. Four plots were also planted 
in another region in small openings in near by pine woods. This land 
had never been under cultivation and the plots were surrounded by 
pine trees 30 to 50 years of ago. The soil was light and sandy except in 
plot II (which was on low ground and a rather heavy clay). A commercial 
potato fertilizer was used. The plants were at a disadvantage from 
lack of light and the yield and the tubers were small. The following 
t abulation of the yields wiU show the rather high percentage of infection:— 


i 

Number 

of 

hills 

Tubers 

showing 

Rhizoc- 

tonia 

Tubers 

clean 

Tubers 

slightly 

scabby 

Tubers 

badly 

scabby 

Per cent 
clean 

Per cent 
slightly 
scabby 

Per cent 
badly 
scabby 

I 1 

16 

4 

63 

24 

6 

68 

26 

6 

11 

4 

3 

17 

2 

4 

74 

17 

9 

III 

9 

0 

7 

3 

1 

70 

30 

10 

IV 

20 

5 

38 

11 

0 

78 

22 

0 


The scabs obtained on these tubers were t 3 rpical and in some cases 
covered almost half the entire surface. The presence of Rhizootonia 
sclerotia is also of interest and shows that new land is not necessarily 
clean land. 

SUMMARY 

Potatoes grown on land never cultivated will often develop typical 
common scab lesions and Rhizootonia sclerotia, even if the seed tubers 
are disinfected and only commercial fertilizers are used. 












DOTHICHIZA CANKER ON NORWAY POPLAR 

Fbeda Detmxbb 
With Plitb XIII 

Poplar canker caused by Dothichiza 'populea Sacc. and Briard, has 
been reported in the United States (2) and Canada (3) on several species 
of poplar, notably Populm nigra and Popuhis deltoides. The latter 
may also cover the variety P. moniUfera which according to Bailey (3) 
is the northern cottonwood. The author knows of no publication re¬ 
porting this disease on the Norway poplar, Populus eugenei Simon- 
Louis. She wishes, therefore, to record the occurrence of Dothichiza 
canker on Populus eugenei in Ohio. 

HISTORICAL SKETCH 

In the spring of 1917, the Mead Pulp and Paper Company of Chilli- 
cothe, Ohio, set out 1200 Norway poplars in the bottom lands of Paint 
Creek, a tributary to the Scioto River. On May 5 of that year, Mr. 
Bearce, forester to the company, reported a bark disease of these poplars 
to the Department of Botany of the Ohio Agricultural Experiment Sta¬ 
tion. No definite conclusion was reached as to the identity of the disease 
at that time, but fear was expressed that it might be due to Dothichiza 
populea. During 1921 the attention of the department was again 
called to the case and a personal visit was made. Careful examination of 
abundant material has established the identity of the causal organism 
to be Dothichiza populea. This diagnosis has been corroborated by 
cultures, and was verified by Dr. George G. Hedgcock to whom I sent 
fresh material. In 1921, the company had five blocks of Norway poplars 
ranging in age from one to six years all severely infected. The disease 
has been so destructive that the company has decided to abandon the 
Norway poplar and during the past winter blocks of one and three and 
four year old trees have been dug out and burned. In the six year old 
block of trees the disease has progressed less rapidly during the past 
season. It is possible that these trees may recover sufficiently to be 
worth saving. 

FIELD OBSERVATIONS 

Infection takes place at the nodes. The discolored area may be im¬ 
mediately below the leaf scar, in the axil of the bud, or on either side of 
the bud in proximity to the stipular scars. The bud itself is not at¬ 
tacked. Cankers form at any node on two year old wood. The lowest 
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found was on the tiunk of a four yeai old tree, three inches from the 
giound. The annual spread of infection has generally been slower 
than the grov^ th of the trees and has not extended beyond one year old 
wood; however, in severely diseased young trees the emrent-year^s growth 
^as also invaded. A large branch of one of these trees was surrounded 
at its base by a pronounced canker. The branch had thirty-two nodes, 
(PI. XIII, 2) of which the fifth, sixth, ninth, eleventh, sixteenth and 
eighteenth nodes were infected. The relative age and severity of 
attack indicated that the trend of infection had been upward from the 
lower to the higher nodes Numerous pycnidia were scattered (PI. 
XIII, 1) over infected areas on the young branches, and from them the 
characteristic broad rather short spore threads emerged. Cankers on 
older branches (PI. XIII, 3) are lough, the bark becomes cracked exposing 
in severe cases the wood beneath. The sap wood is invaded (PI. XIII, 4) 
becoming deep shining brown as shown in the illustration. Lateral 
branches from infected areas are killed. The dead lateral branches are 
a striking feature of the presence of the disease. Cankers spread 
laterally, finally coalesce and girdle the main trunk. As the spread ot 
invasion is from below upward the upper buds remain healthy and often 
make a vigorous growth of ten feet in one season. This rapid growth is 
characteristic of the Norway poplar. 

THE NORWAY POPLAR 

A brief statement of the identity of the tree known to nurserymen as 
the Norway Poplar or “Sudden Sawlog” may not be amiss as it seems 
to be but little known. I am indebted to Dr. George B. Sudworth (4), 
Dendrologist, United States Forest Service, for the information:—^that 
the tree is a hybrid between a European-grown form of our common 
eastern cottonwood Populaa deltoidea and the European black poplar, 
P. nigra. This hybrid was described and named in Em*opc many years 
ago as Populus eugmei. Dr. Sudworth adds:—“Another name for it is 
possibly Populus robusta, which first appeared in French literaturo, this 
form having originated in a French nursery and is believed to be from 
the same parentage as Populus sug&nei. Doubtless the French form was 
grown in Norway where the name Norway Poplar was applied.” 

Bailey (1) says of Populus eugenei Simon-Louis, “This interesting and 
valuable, rapidly growing poplar was found in 1832 as a chance seedling 
in the Simon-Louis nursery, near Metz, France; it is supposed to be a 
hybrid between Lombardy poplar (male) and P. regenerata (female).” 

C.S. Harrison, a nurseryman of Falling Water, Nebraska, is accredited 
with having introduced the tree into America. 
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The tree is similar to Populus nigra in its strict habit of growth, 
narrow crown, dark bark and failure to clean up the trunk through self 
pruning. The shape of leaf blade and bud are similar to that of P. 
deltoides. It grows much more rapidly than either parent and because 
of its rapid growth it is deemed of value as a source of wood pulp, for it 
can be out several years earlier than other poplars. The poplars stand 
first among the hard woods suitable for wood pulp; and because of its 
rapid growth the Norway is preferred to other species of poplars, con¬ 
sequently the extreme susceptibility of this tree to Dothichiza canker 
and the virulence of the disease is a blow to the wood pulp industry in 
Ohio. 

Department of Botany, 

Ohio Agricultural Experiment Station, 

Wooster, Ohio. 
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A MELIOLA DISEASE OF CACAO 

E. L. Stevens and Ruth I. Downnii 
With Three Figures in the Text 

During an inspection of cacao plantations at Coverden, British Guiana, 
for pod rot and witches broom a leaf-spot disease evidently due to 
Meliola was seen in considerable abundance and collected. The disease 
as manifest in this plantation cannot be considered as serious though it 
is conceivable that under especially favorable conditions it might become 
so. 

Of the numerous species of Meliola those that cause appreciable killing 
of tissue are in small minority. Meliola was long considered to be 
merely a superficial fungus; then it was demonstrated that it sends nu¬ 
merous haustoria into the epidermal cells, and usually without apparent 
effect on the host. Now, however, several species of the genus are 
known to produce dead spots coincident, or nearly so, in size with the 
superficial colony, the spots so produced showing as dead areas from. 
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both sides of the leaf Such is the case in the present instance and spots 
of dead leaf tissue 3 to 10 mm. in diameter are produced. The Meliola 
proves to be a new species and is described as follows: 

Meliola guianensis n. sp. fFigs. 1, 2 and 3A to 3D.) 

Fungus hypophyllous Colomes 3-10 mm. in diameter, nearly cir¬ 
cular; the spots visible from the opposite side of the leaf. 

Peiithecia about 280 p. in diameter, somewhat warty. Setae dark, 
spiral, echinulate on the upper one-third to one-half of length, about 
86 (x long X 7 (jL thick. Asoi evanescent. Spoies 4-&eptate, 54 X 19 p, 
dark. Mycelium slightly sinuous, branches opposite, sometimes alter¬ 
nate. Capitate hyphopodia alternate, rarely opposite. Mucronate 
hyphopodia opposite and alternate. Mycehal setae absent. 



Fig. 1. Leaf of Theahoma cacao shomng distiibution of colonics of M. gwawnsis 
X Ij reduced 1/3. 


Group number 3301.5231. 

On Theabroma cacao. British Guiana; Coverden, August 4, 1922, 
number 974. 

The group number given above is based on the system of Beclib 
The species falls within a small group of the genus characterized by the 
possession of 4-septate spores, perithecia with setae, no mycehal setae 
and alternate hyphopodia. There were only seven such species previ¬ 
ously known and with only one of these, viz. M. tortuom Wint., is it in 

1 Beeli, M. Note sur le Genre Meliola Fr. Bull. Jard. Bot. BruTOlles 7:91. 1920. 
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at all close agreement. From this species, however, it differs markedly 
in that the perithecial setae in the present species are distinctly echinu- 
late in their distal portion, (Fig. 3A and E); also the perithecia (about 
280 tJL in diameter) and spores (54 X 19 [jl) are larger than those of M. 
tortuosa which are respectively 160-190 (jl in diameter and 31 to 36 
X 12 (Fig. 3B and F); the setae and mycelium are opaque and darker 
than those of M. tortuosa; and the mycelium is somewhat larger and 
less sinuous (Fig. 3C, D and G). 



Fia. 2. Photomicrograph of Meliola guianenais, portion of colony showing mycelium 
hyphopodia and perithecia. 


MeJiolinopsis theahromae Beeli ( 33 ^ 1 . Meliola tkeabromae F.C. v. Fab.) 
having a spore length of only 10 p. and with 8-spored asci is very different. 

The Meliola was overgrown in some instances by a Helminthosporium, 
in others by a Nectria, the former rendering the colony unusually black 
and the latter making it white, thickly strewn with the pink perithecia. 
The Helminthosporium is new and is described as follows; 

Helminthosporium guiimensis n.5p. (Fig. 3H.) 

Mycelium fine (1.5 p.) pale straw-colored, conidiophores thicker (3 pt), 
pale brown, occasionally branching, 68 p. long. Oonidia 3-septate, 
18-21 X 3-7 p., thicker in the middle and tapering toward both ends. 
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On Mehola guianensis Stev. & Dow. on Theahroma cacao. British 
Guiana, Coverden, August 4, 1922, number 974. 

The Nectria appears to be N. ‘pwtoncensfih Stev., though it differs 
in that it does not coat the Meliola mycelium with a white mycelium. 
The penthecia are scattered throughout the colony and are pale flesh 
color rather than red; and the spores are hyaline. 



Fig. 3. (Drawn to a hi^ power.) A, M. gmanemm, surface of peritheciiun and 
eohinulation of setae; B, M. gitianensis, ascospores; C, M, gmanenm, znuoronate hy- 
phopodia; D, capitate hyphopodia; F, M. ioriuosa, sukace of peritheoiuin and setae; 
F, Jf. ioriuosa, ascospores; G, M, tortwsa, mycelium showing mucronate and capitate 
hyphopodia; H, Hdmimihoaporvum guianmsio, showing mycelium, conidiophotes and 
oonidia, and mycelium of M. gvianensis. 



THE HOT WATER TREATMENT OF CABBAGE SEED 

J. C. Walkbb 

In a former paper^ the writer has shown that the cabbage black-leg 
organism, Phoma Ungam (Tode) Desm.; can not be completely eradi¬ 
cated from internally infected seed, by any method tried, without more 
or less reduction in amount of seed germination. Inasmuch as different 
lots of seed vary widely as to the amount of injury sustained from stronger 
treatments, a moderate but safe formula was recommended for general 
use (mercuric chloride solution 1 :1000 for 30 minutes). While the 
above limitations of seed treatment point to the ultimate control of 
black-leg through the production of disease-free seed, the fact still re¬ 
mains that cases arise from time to time in which complete disinfection 
is essential even at the expense of a moderate reduction in germination, •• 
This is especially true in the case of infected but otherwise very valuable 
stock seeds from which it is advisable to eradicate the fungus before 
they are planted for purposes of multiplication. It is a problem of 
primary interest to the commercial seed grower as well as to the experi¬ 
menter in selection and breeding. In our own experience in selecting 
yelJows-resistant strains of cabbage we have found it necessary to devise 
a method for complete disinfection of small lots of pedigreed seeds which 
had become infected by Phoma Kngam. Several commercial seedsmen 
have also recently sought advice on the same question. 

The procedure already outlined in the paper mentioned, was therefore 
continued in order to determine the most satisfactory method for com¬ 
plete disinfection. The dry heat and formaldehyde treatments being 
obviously out of the question the effects of stronger treatments with 
mercuric chloride and with hot water were studied further. It was soon 
decided, as may be judged from the data in Table I, that mercuric chlor¬ 
ide was unsatisfactory for the purpose. Hot water gave more promise. 
It will be seen that complete disinfection was nearly reached with 15 
minutes’ exposure at 50® C. and was completely attained with 30 minutes’ 
exposure at the same temperature. Moreover, the increase in tempera¬ 
ture to 65° C. did not shorten the period necessary for complete disin¬ 
fection. 

Supplementary field tests with treated lots of infected seed under con¬ 
ditions very favorable for black-leg development, showed the mercuric- 
chloride treatment to be unsatisfactory and the hot water at 60° 0. for 
15 minutes insufficient. The longer hot water treatment (50° C., 30 
minutes) yielded practically perfect control. 

^ Walker, J, C. Seed treatment and rainfall in relation to the control of cabbage 
blaok-leg. XT. S. Dept. Agric. Bull. 1029. B7 p. 1922. 
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TABLE 1 —Effect of hoi water and mercuric chloride treatments upon the vicdnlity of 

Photna lingam in %nfected cabbage seeds. 


Number of seed lot 




Seeds _ Seeds 

•with viable with viable 

fungus after fungus after 

treatment ^sed treatment 
(per cent) (per cent) 


Num- 

Kot nt with viable 

seeds 

used 

(per cent) 


Control 


Mercuric ( 
chloride -j 
1 : 500 ( 
(50 
Hot 160 
water jSS 


e I 30 min. 

I ^ 60 “ 

I U20 “ 

50“ C. 15 min. 
60° C. 30 “ 
55° C. 15 “ 

55° C. 30 “ 



The effect of these two lengths of exposure at 50® C. was studied with 
a number of seed samples of known ago and origin as well as with several 
taken at random from a retail seedsman’s list. From the data secured 
(Table 2) it will be seen that as a rule little reduction in germination 
was experienced with the shorter treatment. With the longer exposure 
(30 minutes) the reduction was more marked, and as a rule it was more 

TABLE 2 —Effect of hot water treatment upon the germination of cabbage seed 


Percentage germination 


50° C. 30 min. 

























1923] 


Lee and Serrano; Manila Hemp Wilt 


253 


pronounced in Ihe older seed. Retarding of germination was usually 
noticeable in treated lots and it increased roughly in proportion with 
reduction of percentage of germinating seeds. It is evident from these 
data that seed of high germination when treated at 50° C. for 30 minutes 
within the first six months after harvest may be expected to suffer only 
moderately in reduction of germination. The injury may be expected 
to increase with the age of the seed at time of treatment. The vari¬ 
ability in the results secured with seed lots picked at random is therefore 
to be expected. 

For the special cases already outlined, where complete freedom from 
the black-leg fungus is urgently needed, the treatment with hot water 
at 50° C. for 30 minutes is practicable. We have used it satisfactorily 
for the past two years on seed lots varying in size from a few grams to 
several pounds. The limitations of the treatment should be recognized, 
however, and preferably preliminary trials with a few seeds should be 
made. The variability in injury sustained by seed lots picked at random 
preclude the recommendation of this treatment for general use. 

Bureau of Plant Industry, 

U. S. Dept, op Agriculture, 

AND 

University of Wisconsin, 

Madison, Wis. 


BANANA WILT OF THE MANILA HEMP PLANT 
H. Athbeton Lbb and P. B. Sbbeano 

jMamla hemp is regarded among fiber men as unequalled among plant 
fibers for the manufacture of high grade cordage such as that used on 
ships and for other marine uses. It is obtained by a stripping process 
from a plant closely resembling the banana plant in appearance, a mem¬ 
ber of the same genus, Musa textilis Ne6. The Manila hemp plant is 
confined in its distribution to the Philippine Islands and has never to 
the present time been successfully cultivated commercially in any othoi 
country. The Pliilippine Islands therefore hold a monopoly on the 
production of the verj'- superior plant fiber, Manila hemp. 

A disease of the Manila hemp plant was described in 1916, by Reinking' 
as abaca® heart rot and its cause ascribed to bacteria, the identity of 

^Eeinking, 0. A. Philippine economic-plant diseases. Philippine Jour. Sci. Sec. 
A. 13:221. 1918. 

‘ Abaca is the dialect word in the Philippines for the Manila hemp plant. 
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which were undetermined. More recently, this disease has increased 
in seriousness and investigations were requested by commercial growers. 
The distribution of the disease was first determined and it was found to 
be destructive only in the provinces of Laguna and Cavite. 

Isolation and inoculation studies were undertaken with the expectation 
of corroborating earlier results as to the cause; bacteria were found in 
isolation studies to be commonly associated with advanced stages of the 
disease, although an imperfect fungus was almost as uniformly isolated. 
As familiarity with the disease became greater it was possible to find less 
advanced pathological stages and from such earlier stages, a Fusarium 
was obtained in a very high percentage of cases. Examination of fresh 
frozen sections and of serial paraffin sections showed with little or no 
difl&culty the presence of fungus hyphae in the early advancing stages of 
the disease. Isolations were continued repeatedly, in all 1468 isolations 
being made; after the first four series of isolations, Fusarium began to 
appear and from that time thereafter appeared in 60.44 per cent of the 
plantings. Few fungi of other genera appeared in such plantings. The 
bacteria isolated in the older stages did not appear uniformly although 
three different forms of colonies on beef agar plates appeared more fre¬ 
quently than others. 

The isolation attempts having reached this stage, inoculation experi¬ 
ments were tried. The bacterial species for convenience were termed 
organisms A, B, and C. Since the bacterial species ascribed as the cause 
of the disease by Reinking was not described, its identity with any one 
of these three organisms could not be determined. Inoculation studies 
have been made with all three of the bacterial species and with the 
Fusarium. Inoculations were made with needle punctures, through 
the pseudostem into the central cylinder. Table 1 shows the number 
of such inoculations and results. 

It seemed apparent to us, therefore, that the Fusarium species was a 
palhogene. 

Stupes were then taken up to Mentify this Fusarium species. We 
had recently isolated Fusarium cuh&nse Erw. F. Smith, from banana wilt 
cases in the Philippines and the hemp plant fungus was being cultured 
at the same time. Comparisons were naturally made of morphological 
and cultural characters and it was found impossible to distinguish the 
two fungi in this way. 

In earlier studies the banana wilt fungus inoculated into banana plants 
caused blackened discolored rhizomes, splitting of the pseudostem and 
yellowing and dying of the leaves. The same organism inoculated with 
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TABLE 1— Showing resvUa of inoculations into the central cylinders of the Manila 
hemp plant, with various otgamsms isolated from hecat rot ca'ios. Stenle needle 

punctures used as controls. 



Number 
of inocu¬ 
lations 

Number 
of positive 
infections 

Percentage 
ot positive 
infections 

Organism A. 

20 

1 

5,00 

Organism B. 

80 

8 

10.00 

Organism C . 

145 

9 

6.20 

Sterile needle puncture through sterile ex¬ 
ternal surface. 

70 

4 

6.71 

Hemp Plant Fusarium . 

199 

96 

48.241 


the same technique into the pseudostems of Manila hemp plants did 
not cause such lesions and the hemp plant was at the time considered 
resistant.® 

Inoculations were made with needle punctures, through the thick 
pseudostem, into the central cylinder of Manila hemp plants with the 
banana wilt Fusarium, and with the Manila hemp plant Fusarium. 
The banana wilt Fusarium gave 65 infections in 115 inoculations, or 
56.6 per cent; the Manila hemp Fusarium gave 89 out of 134 attempts or 
66.4 per cent. 

Since the morphological and physiological characters of the hemp 
plant pathogens seem to be similar to those of the banana wilt organism, 
Fusarium cubeuse, the two must be considered for the present at least, 
as belonging to the same species. 

The conclusions moreover are, that Fusarium cuhense can not produce 
banana wilt symptoms upon the Manila hemp plant, but if inoculated 
into the growing central cylinder of the hemp plant by means of the 
proper technique, it can produce typical heart rot. The interesting 
situation is developed of a fungus species producing one set of s 3 Tnptoms 
on one host plant, and an entirely different set of symptoms on another. 

Only two banana plants have been inoculated with the Manila hemp 
Fusarium, but both plants have given banana wilt symptoms, probably 

^ As the technique was improved, positive results were obtained with the hemp plant 
Fusarium in 89 out of 134 attempts or 68.41 per cent. Failure to obtain 100 per cent 
positive results possibly maybe correlated with the improbability of placing the inocu¬ 
lum, tbrou^ the thick resistant pseudostem into the susceptible central cylinder tissues 
in every inoculation attempt. 

* Lee, H, A. and F. B. Serrano. Banana wilt in the Philippines. Fhytopath. 10: 
604-505. 1920, 
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more promptly and virulently than would Fitsarium cuhense direct from 
banana wilt. A control puncture remained healthy. 

Our knowledge of heart rot of the ^Manila hemp plant is, therefore, 
greatly increased since, from the work of Brandes^ it is known that 
Fmarium nibetue is not a strict parasite. It can, however, exist in the 
v'joil and infection can take place from that source. The discovery of 
this fact leads also to an understanding of the heart rot of the hemp plant 
w'hich may become just as destructive as is the banana wilt in the West 
Indies. 

The most promising means for the control of the disease seems to be 
with resistant varieties. A more detailed report will appear in the 
Philippine Journal of Science. 

Philippistb Bukeau op Science, 

Philippine Bijbeau of Agricultubb 

^ Brandes, E. W. Banana wilt. Phytopath. 9: 339-389. o fig., pi. XXI-XXXIV 
(partly col.) 1919, Literature cited, p. 388-389. 

Errata: February number of Phytopathology, page 99, line 5, 
instead of “one plant” read “all the descendants of one.” 

Page 38, article by V. F. Tapke, last line instead of “controls loose 
smut of wheat reducing yields” read “controls loose smut of wheat 
without reducing yields”. 

The ApnZ number of Phytopathology was issued April i, 1933, 
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THE PHYSIOLOGY OF PERITHECTAL AND PYCNIDIAL 
FORMATION IN VALSA LETICOSTOMA 

Ljson H. Leonian’ 

Although considerable work has been done on the physiology of 
reproduction in fungi, especially the Phycomycetes, we still know 
comparatively little concerning the physiology of sexual reproduction 
in the Ascomyi^tes. This is due, perhaps, to the fact that most of the 
Ascomycetes £afl ^ form their perfect stages in artificial cultures, and 
that they do no'^'i^ndsthemselves as readily as the Phycomycetes to the 
ordinary technique of physiological experiments in the laboratory. 

Klebs (3) in his work with Eurotium repens concluded that the quality 
and the quantity of food exerted no special influence upon the conidia 
and ascospore formation in this fungus. In case of Saprolegnia mixta, 
however, he (4) found food modifications to be the chief controlling 
factors in reproduction. Others verified Klebs’ findings and extended 
them to different species. Klebs (5) advanced the theory that ascospore 
formation in yeasts was determined exclusively by the lack of food at 
a certain period in the life cycle of these plants. Guillermond (2) 
summarizing the works of Klebs, Hansen, Saito, etc., concluded that a 
great number of other factors enter into the physiology of ascospore 
formation in the yeasts. Raciborski (7) found that high food concentra¬ 
tions hindered zygospore formation in Basidiobolus, but Falek Cl), on 
the other hand, reports that high concentrations of a normal nutrient 
medium induced zygospores in Sporodinia grandis. Shear and Wood 
(8) after reviewing the physiological investigations of other workers 
concluded that “no cases have been reported in which the evidence 
was suflElciently conclusive to prove that perithecia were produced in 
artificial cultures as the direct result of modifications of culture media,” 
and that “the productions of perithecia is a hereditary racial character 
which does not depend prunarily on special conditions of nutriment and 

^ Read at the Boston meeting of the Mycology Section of the Botanical Society of 
America, December, 1022. 

Scientific Paper No. 3, West Virginia Agricultural Experiment Station. 
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environment.” However, we have the work of Smith (9) showing that 
alkaline media prevented peritheeia formation in Nectriella tracheiphila. 
In a former paper the writer (6) reported that peritheeia! formation in 
Valsa leucostoma was controlled largely by certain chemical factors. 
Since then the fungus ha;S been studied more extensively, and it has been 
possible to control its ascigerous and pycnidial reproduction at will. 

This fungus seems to possess two strains: in one of these strains the 
mycelium, the conidia, or the ascospores are capable of giving rise to 
the perfect as well as to the imperfect stages; in the other one, no 
matter what the environmental conditions may be, no peritheeia develop. 
However, no morphological differences have been found between the 
conidial phases of these two strains. Nor could any difference be seen 
between the physiological efficiency, the nature of infection, and the 
subsequent pathological symptoms produced by them. The writer 
feels justified, therefore, in considering the two strains to be identical, 
with the exception that the ascigerous stage has been lost from the 
life cycle of one of these, and that probably it can not be introduced 
again by mere physiological changes. It is also probable that this 
organism possesses a heterothallic as well as a homothallic strain. While 
a few organisms of this type have been described, we cannot feel justified 
in assuming that heterothaUism may be widely prevalent in the Ascomy- 
cetes, and that it offers the only explanation for the absence of the 
perfect stage from the life cycle of the Imperfect!. HeterothaUism is a 
fascinating enough subject to become a scientific fad if handled without 
caution, and it may overshadow the more fundamental facts. 

The strain used in foUowing experiments was obtained from an 
ascospore. The mycelium, conidia, or ascospores of this culture, if 
grown in a favorable nutrient medium, are capable of producing both 
the imperfect and the perfect stages. Therefore, aU variations pertaining 
to the control of reproduction, as recorded in this paper, are to be 
ascribed to environmental modifications rather than to the inherent 
potentialities of the fungus alone. 

THE EXPEBIMENTS 

Methods. A new technique and a new nutrient solution, which were 
developed in connection with some other work, have been used through¬ 
out these experiments. Filter paper, and smaU, circular glass capsules 
of 20 c. c. capacity have replaced agar-agar and test tubes respectively. 
FUter paper sheete were cut into equal pieces; each piece was moistened 
with sterile, distiUed water, folded and pressed into a circular disc, dried. 
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placed in the capsule and sterilized in the autoclave. A small quantity 
(3 to 4 c. c.) of a nutrient solution was then added. The filter paper 
pads remain constantly moist and afford a good substratum for the 
growth of the fungus which eventually covers the paper with a mycelial 
mat and its fruiting bodies. At least ohirty different organisms have 
been grown by the writer on filter paper pads thus prepared, and all 
have given excellent results. This method enables the investigator to 
wash his cultures free from one solution, and to transfer them to any 
desired solution without disturbing the mycelium. The standard 
solution used in this work consisted of the following ingredients: KH 2 - 
PO 41.2 grams, MgSO* 0.6 gram, peptone 0.6 gram, maltose 6.25 grams, 
malt extract 6.25 grams, distilled water 1000 cc. 

The effect of the quantity of food. Three concentrations of the standard 
solution have been used; no. 1 is the most dilute ,containing only 0.37 
per cent of food; no. 2 is the standard concentration with 1.5 per cent 
of food in solution, while no. 3 represents the solution of the highest 
concentration with a total of 24 per cent of food matter. The following 
experiments were set up: 

1. The fungus was grown on filter paper pads kept saturated with 
solution no. 1. 

2. The fungus was grown on filter paper pads kept saturated with 
solution no. 2. 

3. The fungus was grown on filter paper pads kept saturated with 
solution no. 3. 

4. The fungus was grown on filter paper pads partially submerged 
in solution no. 2. After the perithecia attained their fullest development, 
the culture was removed from the dish and a sterile filter paper pad 
was placed in the old solution and inoculated with the fungus to see 
if the solution retained enough food to induce another crop of fruit 
bodies, and whether any of the specific factors affecting either pycnidia 
or perithecia development were entirely used up by the first crop of 
fruit bodies. 

5. After a good hyphal growth was made in solution 2 and before 
any fruit bodies appeared, the culture was transferred, at intervals of 
three days, to a fresh supply of solution no. 2 until the end of the experi¬ 
ment (16 weeks). 

Table 1 gives the results: Roman numeral I means very poor, V 
most abundant, while the other numerals are intermediates between 
the two. 
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TABHE 1 —The effect of food concentration upon groidh of Valsa leucostoma. 

E 3 q)eriments Quantity of Quantity of Quantity of 

mycelium pycnidia perithecia 


1. Fungi grown in solution no. 1 

I 

I 

1 

2. Fungi grown in solution no. 2 

11 

11 

111 

3. Fungi grown in solution no. 3 

V 

V 

V 

4. Fungi were grown in solution which had 
previously matured a full crop of perithecia 

I 

I 

I 

6. The cultures \(ere transferred to a fresh 
supply of the standard solution at intervals 

V 

IV 

IV 


of three days. 

It can be seen that the quantity of mycelium, pycnidia, and perithecia 
increased in direct proportion with the increase of food concentration; 
however, the time required for fruiting was found to be proportionately 
longer in the richer solutions. This is as it should be; a large amount 
of mycelium formation is a time consuming process, so that a more 
luxuriant vegetative growth requires a correspondingly longer period 
for its full development. 

It may be assumed that reproduction, as shown by Klebs and others 
in case of many Phycomyeetes and some of the Aseomycetes, is governed 
by a gradual, or a rapid food reduction, or a total absence of food. 
If this be the case, then we will be obliged to suppose that when grown 
in a nutrient soluton which contained twenty-four per cent of food, the 
fungus exhausted all or most of the available nutirent matter before it 
was able to form perithecia. But this is not the case as we can see from 
experiment 4. Here a very dilute nutrient solution, after maturing a 
full crop of perithecia, contained enough food to induce a new mycelial 
growth and the production of aoiother crop of pycnidia and perithecia. 
If absence of food, as such, constituted the chief factor in perithecia 
formation, then we would fail to find this second crop of perithecia. 
It seems that ordinarily the life cycle of the fungus goes through a 
mycelium-pycnidia perithecia rotation regardless of the quantity of 
food, provided that the quality is favoraole. A lack of food may hasten 
reproduction in an otherwise normally nourished mycelium, but it 
neither induces nor control it. The mycelium requires certain physio¬ 
logical changes preparatory to reproduction; if food conditions which 
affect these changes can be controlled, then the regular rotation may 
be broken up and either the perfect or the imperfect phase of the fungus 
be induced and perpetuated. 

In experiment 5, where the cultures were repeatedly transferred to 
a fresh supply of nutrient solution, the mycelium, the pycnidia and the 
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perithecia attained a great increase in their development. A constant 
presence of food of approximately constant concentration causes a 
longer period of vegetative growth, delays reproduction, but induces a 
much more luxuriant fruiting. 

Perithecia may be induced not only by a sudden or gradual decrease 
of food, but also, and much more readily and abundantly, by a sudden 
increase in the food concentration, as shown in table 2. 

The effect of increo>sed or decreased food concentration. Working with 
twenty different representatives of the Sphaeropsidales,^ the writer 
showed that food reduction not only is not a controlling factor in pycnidia 
formation in most of these organisms, but it even checks reproduction, 
and that nutrient solutions of high food concentrations are conducive 
to better vegetative growth and pycnidia formation. The same holds 
true in case of Valsa leucostoma as can be seen in the following table: 

TABIiE 2 —Effect of increased and decreased food concentraiion upon Vcdsa 

leucostoma. 


Experiments 


Quantity of Quantity of 
pycnidia perithecia 


1. Check; grown in standard solution. II 

2. Check; grown in the high concentration of the standard V 

solution. 

3. Cultures were grown in the standard solution; after 11 

they made a good vegetative growth, they were washed 

in sterile distilled water, and transferred to sterile dis¬ 
tilled water. 

4. * Cultures were grown in the standard nutrient solution, V 

and after they had made a good vegetative growth, 
they were washed and transferred to the standard 
solution of high concentration. 

5. Cultures were grown in the nutrient solution of high II 

concentration, and after they had made a good vegetar 

tive growth, they were washed and transferred to 
sterile distilled water. 

6. Cultures were grown in the nutrient solution of high II 

concentration, and after they had made a good vegeta¬ 
tive growth, they were washed and transferred to the 
solution of standard concentration. 


m 

V 

III 


1 


n 


V 


^ Paper to appear in American Journal of Botany. 

* While perithecia were only very few on the old mycelium, they formed in great 
numbers on the hyphae which grew out from the edges of the old culture into the solu¬ 
tion after the cultures were transferred from the low to the high concentration; no 
pycnidia appeared on this new growth. 
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It is evident that while a transfer from low concentration of food to 
distilled water failed to affect reproduction, a transfer from high con¬ 
centration to distilled water reduced the quantity of both pycnidia and 
perithecia. A sudden change of osmotic pressure cannot be considered 
as a factor, because when the process was reversed, e. g. when the cultures 
w ere transferred from low to high concentration the pycnidia formation 
reached the maximum. Perhaps a gradual leaching of material from 
the protoplasm into distilled water was responsible for this decrease in 
reproduction. A transfer from a solution of high food concentration 
to a greatly dilute solution induced a maximum reproduction of perithecia 
and suppressed the development of pycnidia; the opposite being the 
case when the process was reversed. This indicates that the reqiure- 
ments for pycnidia and perithecia formation are not similar and that 
they depend upon certain physiological changes which do not occur 
simultaneously but at different times in the growth and age of the 
mycelium. Why should perithecia formation be preceded by pycindial 
development in the normal life cycle of this fungus? Is it because of 
the decrease of food concentration to a certain minimum as claimed by 
other investigators in case of some Phycomyoetes and as seemingly 
supported by the experiments 4 and 6 of the foregoing table? In these 
experiments a sudden increase of food stimulated pycnidia and checked 
the quantity of perithecia, the opposite being true when the process 
was reversed. But we have seen that (Table 1, experiments 1 and 4) 
even in the most dilute solutions the fungus goes through its regular 
rotation of mycelium-pycnidia-perithecia, and that no apparent sup¬ 
pression of vegetative or reproductive parts occurs. The changes within 
the mycelium are independent of those in food concentration, and if 
these physiological changes are timed and subjected to the changes in 
food concentration, a proper control of the perfect or imperfect phases 
can be brought about (Table 2, experiments 4 and 6). Why in experi¬ 
ment 4 of table 2, should the old mycelium give rise to only a few peri¬ 
thecia and produce a large quantity of pycnidia, and why should the 
new mycelium give rise to perithecia and not pycnidia? It seems that 
physiological changes within the protoplasm are responsible for this. 
The experiments given in the following pages furnish further proof for 
the support of this h 5 q)othesis. 

Control of ’penithed.al and pycnidial formation. Threenutrientsolutions 
have been used in these experiments. Solution A is the standard medium 
already described; solution B, consists of the standard solution minus 
malt extract; and solution C, consists of 1 gram of ammonium nitrate. 
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0.6 gram of dihydrogen potassium phosphate, 0.25 gram of magnesium 
sulphate, 5 grams of cane sugar, and 100 c. c. of distilled water. When 
grown in either one of the last two solutions Vaha leucostoma fails to 
produce pycnidia or perithecia, although a fair amount of vegetative 
growth is made. This fact led to the theory that if a solution unfavorable 
to reproduction was introduced into the life cycle of this organism, either 
temporarily or permanently, pycnidia and perithecia development would 
exhibit interesting modifications. Consequently experiments were set 
up as shown in table 3, 

It can readily be seen that solution C hinders reproduction when it 
is used by itself or even when it is supplied to the fungus after the cul¬ 
tures have made a good mycelial growth in solution A and then trans¬ 
ferred to solution C. However, when the fungus is first grown in solution 
C and then transferred to solution A, not only no suppression of fruit 
bodies occurs, but pycnidia are noticeably increased in number. 
Apparently the unfavorable factor, (ammonium nitrate), which was 
carried over in the mycelium, was either gradually assimilated, or else 
it was neutralized by the effect of the more favorable nutrient solution. 
The increased pycnidial reproduction is to be attributed largely to the 
fact that the fungus was able to absorb more food from the two different 
solutions which were introduced into its life cycle, and was also affected 
by the greater variety of food constituents which were furnished to it. 
The most remarkable phenomenon, however, is to be observed in the 
manner of perithecia development; instead of appearing on the mycelium 
and separate from the pycnidial stromata, as is their natural habit, the 
perithecia formed on the top of pycnidial stronoata, appearing as small, 
rostrate bodies studded on pycnidial heads. 

' In the last four experiments of table 3 where the cultures were trans¬ 
ferred from solution A to solution C, and then back to solution A again, 
a marked stimulation of pycnidial reproduction and a total absence of 
perithecial development is to be noted. It appears that a well developed 
mycelium, after being transferred to solution C, absorbed too much of 
the inhibiting factor for perithecia formation, but not enough for the 
suppression of pyncidia. Perhaps the transfer came at a period in the 
life of the mycelium when its physiological condition favored pycnidial 
reproduction rather than perithecial. It should not be assumed that 
in the last four experiments of the foregoing table the behavior of the 
mycelium can suggest a possible loss of the power of perithecia formation. 
A second transfer to a fresh supply of solution A was able to establish 
the balance so that in due time perithecia appeared, except that they 
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TABLE 3 —The effect of diffeient sohdtons upon reprodtuAion of Vdlsa leticostoma. 


■‘Experiments 

Quantity of 
pyemdia 

Quantity oi 
perithecia 

Remarks 

1. Check; grown in solution 

A. 

2. Check; grown in solution 
C. 

Series v ; first gro^ n in sol¬ 
ution C and then trans¬ 
ferred to solution A. 

II 

III 


0 

0 

Only sterile hyphae. 

3. Transferred to solution A 
after 2} 2 days 

II 

III 

Pycnidia first to appear; later 
perithecia formed mostly on 
top of pycnidial stromata 

4. Transferred to solution A 
after 5 days. 

II 

HI 

Same as the preceding. 

5. Transferred to solution A 
after 10 days. 

III 

III 

Perithecia formed only on top 
of pycnidial stromata 

0. Transferred to solution A 
after 15 days 

Series y; first grown in 
solution A and then trans¬ 
ferred to solution C. 

III 

III 

Same as the preceding 

7. Transferred to solution 0 
after dai-s 

0 

0 

Sterile mycelium only. 

8. Transferred to solution C 
after 5 days 

0 

0 

il Cl Cl 

9. Transferred to solution 0 
after 10 days 

0 

0 

it it it 

10. Transferred to solution C 
after 15 days 

Seiits first grown in sol¬ 
ution A till a good hyphal 
grow’tli was obtaiued,then 
transferred to solution 0, 
and .‘i, 10, and 15 

dayjs later transfeired to 
solution A. 

0 

0 

(t it it 

11. 'rransferrefl2Jjd:ijslater. 

III 

0 

In series z when the cultures 
were again washed in ster¬ 

12. Transferred 5 das's later. 

IV 

0 

ile distilled water, and were 
transferred to a fresh 

13. Transferred 10 days later. 

IV 

0 

supply of solution A, 
perithecia appeared in due 

14. Transferred 15 days later. 

IV 

0 

time. 


• Beftipe cfleh tiansFer the cultures were thoroughly washed in sterile distilled water. 
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altered their usual habit and formed directly on the top of pycnidial 
stromata. The hyphae of the old mycelium and the hyphae of the 
stromata have different ages and different physiological potentialities, 
and it is only natural for them to exhibit different reactions towards the 
environmental factors. This changed location of fruiting bodies is 
further shown in table 4. 

TABLE 4— Changed location of pentheda and pj/cnidia of Vdlaa leucostoma due to changed 

food factors. 

Exporimenlfl Quantity of Quantity of Bemarks 

pycnidia 

1, The fungus was grown m 0 
solution A; after the peri- 
thecia were fully developed 
the cultures were washed 
and transferred to a fresh 
supply of solution A. 

2. The fungus was grown in III 
solution A; after the peri- 
thecia were fully developed 
the cultinres were washed 
and transferred to solution 
C; seven days later they 
were again washed in dis¬ 
tilled sterile water and 
were transferred to a fresh 
supply of solution A 

In the first experiment pycnidia were eliminated entirely because 
physiological changes which occurred in the mycelium and gave rise to 
the perfect stage persisted when the entire culture was transferred 
intact and was disturbed but very little. When the mycelium is cut 
to pieces, the physiological balance is disturbed and it becomes necessary 
for the fungus to go through the mycelium-pycnidia-perithecia rotation 
again. Similarly, if we examine experiment 4 in table 2, we shall find 
further support for tliis theory. In that case when the cultures were 
transferred from the low food concentration to the high food concentra¬ 
tion, the old mycelium, in which physiological changes favored only 
pycnidial reproduction, yielded a scanty crop of perithecia, while the 
hyphae which formed after the transfer, developed a large quantity of 
perithecia and no pycnidia. 

Experiment 2 of table 4 shows that the location and the relationship 
of the perfect and the imperfect fruiting bodies to each other can be 
changed at will by the rotation and the nature of the nutrient solutions. 


perithecia 

III Perithecia gave rise to tufts 
of hyphae at their tips. These 
tufts developed into stromata, 
and without giving rise to 
pycnidia, produced perithecia 
directly. 

Ill Perithecia gave rise to pycni¬ 
dial stromata, and these 
eventually produced perithe¬ 
cia, thus forming two layers 
of perithecia separated by a 
layer of pycnidia. 
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The effect of the different food constituent ft. The influence of dihydrogen 
potassium phosphate, magnesium sulphate, peptone, and maltose, 
singly and in all possible combinations, was tested. Malt extract was 
reserved for a separate experiment. 

The fungus was grown in the standard solution; when a good mycelial 
growth was obtained, and before any fruiting bodies formed, the cultures 
were washed and transferred to the solutions listed in the following table 
The amounts of the ingredients used in these solutions are the same as 
given in the formula of the standard solution. 

TABLE 5 —The effect of different food constituents upon Valsa leucostoma. 


Experiment no. 

Quantity of 

Quantity of 

Bemarks 


pycnidia 

perithecia 


1 . Transferred to distilled 

II 

m 


water 

2. Transferred to a fresh 

III 

IV 


solution of the standard 
medium 

3. Transferred to KB[*PO«, 

II 

IV 


MgSO<, peptone, maltose 

4. Transferred to MgSO, 

III 

in 


maltose, peptone 

Transferred to KHjPOf, 

in 

in 


maltose, peptone 

6 . Transferred to MgS 04 , 

III 

III 


KHjPO^, peptone 

7. Transferred to KHtPO*, 

III 

in 

Perithecia formed on top of 

peptone 


• 

pycnidial stromata only. 

8 . Transferred to KH 3 PO 4 , 

n 

in 


MgS04 

9. Transferred to MgSO^ 
peptone 

in 

ni 

Perithecia formed on top of 
pyonidial stromata only. 

10 . Transferred to maltose, 

in 

IV 


peptone 

11. Transferred to maltose, 

in 

ni 

Perithecia formed on top of 

MgSO* 

III 

III 

pycnidial stromata only. 

12 . Tiwmsfened to KHsPO* 

n 

n 

Perithecia formed on top of 
pyonidial stromata only. 

13. Transferred to MgSO* 

u 

ni 


14. Transferred to peptone 

n 

n 

Peritheeia formed on top of 
pycnidial stromata only. 


Table 6 shows that all of the food constituents of the standard nutrient 
solution are able to induce both the perfect and the imperfect fruiting 
bodies when used either by themselves or in all possible combinations. 
Some seem to be a little more favorable than others. Dihydrogen 
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potassium phosphate or peptone, when used singly, proved to be the 
least favorable but when combined, they induced a better reproduction. 

The effect of sugars. Four sugars in different concentrations have 
been used in these experiments. Of these sugars, maltose, glucose and 
levulose were pure, while cane sugar was the commercial granulated 
product. The fungus was grown in the standard nutrient solution; 
after it made a good hyphal growth and before any of the fruiting bodies 
appeared, the cultures were washed in distilled sterile water and were 
transferred to the various sugar solutions listed in table 6. 


TABLE Q—The effect of nitrates upon VaUa Uucostama. 


Experiment No. Quantity of 

pycnidia 

1. M/8 maltose . I 

2. M/16 “ 11 

3. M/32 “ 11 

4. M/64 “ II 

6. M/8 cane sugar. 0 

0. M/16 “ “ . 1 

7. M/32 “ “ II 

8. M/64 “ “ . II 

9. M/8 Glucose. I 

10. M/16 " If 

11. M/32 “ II 

12. M/64 " II 

13. M/8 levulose. I 

14. M/16 “ I 

16. M/32 “ I 

16. M/64 “ r 


Quantity of 
perithecia 

0 

0 

1 

III 

0 

0 

0 

III 

0 

III 

111 

III 

0 

III 

IV 
IV 


Higher concentrations of sugars tend to reduce pycuiilia formation 
and hinder perithecia development. M/8 concentration of cane sugar 
solution prevented reproduction altogether. However, it can be seen 
that the range of pycnidial formation is much wider than that for 
perithecia, and in this respect VaUa leucostoma behaves like most of the 
other fungi which have been worked with by other investigators. Levu¬ 
lose seems to be the best sugar for inducing the perfect stage, and is the 
least favorable for pycnidial development. 

The effect of nitrates. After the fungus made a good hyphal growth 
in the standard solution, and before the first fruit bodies appeared, the 
cultures were washed and transferred to the different solutions of 
nitrates as listed in following table. 
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TABLE 7 —The effect of sugars upon Valsa leucostoma. 


Experiment no. Quantity of 

pycnidia 

1. M/S ammonium nitrate. . ... 0 

2. M/16 “ “ 0 

3. M,/32 “ " 0 

4. M/64 " “ I 

5. M/8 calcium nitrate .. Ill 

6. M/16 “ “ II 

7. M/32 “ " II 

8- M/64 “ “ U 

9. M/8 sodium nitrate . 0 

10. M/16 “ “ II 

11. M/32 “ ” 11 

12. M/64 “ " II 

13. M/S potassiiun nitrate . Ill 

14. M/16 “ “ Ill 

16. M/32 “ “ 11 

16. M/64 “ “ II 


Quantity of 
perithecia 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 


Nitrates, as we can see, hinder perithecial development altogether. 
Ammonium nitrate is uniformly unfavorable for reproduction, and in 
only the most dilute solution was it able to induce just two or three 
sin^e pycnidia without stroma. Calcium nitrate and potassium nitrate 
seem to be more favorable to pycnidia formation in higher concentrations 
than sodium nitrate. 

The minimum absorption of malt extract necessary for reproduction. 
It was found that the fungus would not reproduce in the ordinary 
nutrient solution if malt extract was left out from this medium. The 
solution with malt extract (the standard) has been termed solution A; 
the one without malt extract is termed solution B for convenience. 
It was proposed to find out if a mycelium grown in solution B, then 
transferred to 0.625 per cent of malt extract solution for various lengths 
of time, and finally transferred back to a fresh supply of solution B 
would absorb a sufficient quantity of malt extract to induce pycnidia 
and perithecia. A number of cultures were made in solution B; after a 
good hyphal growth was obtained the cultures were waished and trans¬ 
ferred to malt extract solution for one, five, ten, fifteen, thirty minutes, 
for one, two, four, eight, twelve, twenty-four, forty-eight, and seventy- 
two hours, then washed in four changes of distilled sterile water and 
transferred to a fresh supply of solution B- Table 8 gives the results. 

Ten minutes in malt extract solution appears to be the approximately 
minimum length of time for pycnidia! reproduction, and fifteen minutes 
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TABLE 8 —The minmum absorption of malt extract necessary for reprodudion of Valsa 

leucostoma. 


Exi)eriinents 

Quantity of 
pycnidia 

Quantity of 
perithecia 

1. Chock; cultures were washed and tranh- 
forred to a fresh supply of solution B without 

transferring to malt extract solution.. . . 

.. 0 

0 

2. Check; cultures transferred to malt extract 

solution and left there. 

.II 

III 

3. Cultures were kept in malt extract solution 

1 minute. 0 

0 

4. Kept in malt extract 6 minutes. 

.0 

0 

5. Kept in malt extract 10 minutea. 

. T 

0 

6. Kept in malt extract 15 minutes. 

.I 

I 

7. Kept in malt extract 30 minutes. 

.I 

I 

8. Kept in malt extract 1 hour. 

.I 

I 

9. Kept in malt extract 2 hours. 

.II 

II 

10. Kept in malt extract 4 hours. 

.II 

II 

11. Kept in malt extract 8 hours. 

.II 

II 

12. Kept in malt extract 12 hours. 

.II 

II 

13. Kept in malt extract 24 hours. 

.II 

n 

14. Kept in malt extract 48 hours. 

.II 

ii 

16. Kept in malt extract 72 hours.. 

.II 

m 


for the perithecial development. Longer periods induce better reproduc¬ 
tion, but it seems that after a certain period, (72 hours), malt extract 
does no longer exert any stimulative influence upon reproduction, as a 
comparison of check no. 2 and experiment 15 will show. It should be 
remembered in this connection that a mycelium well nourished in the 
standard nutrient solution reproduces just as wdl whether it is kept in 
the same solution or whether it is washed and transferred to distilled 
water. It seems that after a certain period of growth in a dilute nutrient 
solution the mycelium no longer depends on the outside food for the 
formation of its fruit bodies, but utilizes the food and the energy stored 
within its own protoplasm. There is a balance between the fungus 
and its food; at a certain stage a withdrawal of food tends to weaken 
the mycelium, while at other stages it exerts no appreciable influence. 
This is not because of a total absence of food in the old nutrient solution, 
or because of a possible presence of some toxic substance given off by 
the growing fungus, for we have seen that the nutrient solution, after 
giving rise to one crop of fruit bodies, was able to develop a second crop. 
Nor can we say that the mycelium, after reaching a certain stage of 
growth, is unable to absorb and utilize the food in the nutrient solution, 
for we have seen that when the cultures, after the formation of fruit 
bodies, were transferred to a fresh supply of the nutrient solution, were 
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able to absorb food, grow, and give rise to new fruit bodies. In case of 
higher concentrations of food, however, a constant presence of the 
nutrient solution seems to be essential. We have seen that cultures 
after making a good growth in a higher concentration of nutrient solution 
failed to do well when transferred to distilled sterile water, while a 
maximum reproduction was the result when they were transferred to 
a very dilute medium. A sudden increase of food during any part in 
the growing life of the fungus is conducive to an infinitely better repro* 
duction, and its sudden withdrawal marks a sharp reduction in the 
quantity of fruit bodies. We can make no definite rules and mould the 
properties of the living protoplasm into standard forms, because 
an organism exhibits different reactions with each change occurring 
either within or without its protoplasm, and these changes are not, 
ordinarily, perceptible enough to be interpreted according to any set 
standards. 

SUMMARY 

1. The strain of fungus used in these experiments produces pycnidia 
and perithecia if grown in a favorable nutrient medium. Conidia or 
ascospores show identical physiological reactions to the various solutions 
used. 

2. The quantity of mycelium, pycnidia, and perithecia m creased in 
direct proportion to the increase of food concentration. 

3. The same solution, after maturing a full crop of fruit l>odies, had 
a sufl&cient amount of food left to develop a second crop. 

4. When the food supply of the fungus was renewed every three days 
for about sixteen weeks, mycelium, pycnidia, and perithecia formed in 
great abundance, showing that an absence or a decrease of food was not 
a factor in the reproduction of this organism. 

5. When transferred from the standard food solution to distilled 
water, there was no appreciable difference in the quantity of fruit bodies 
formed; when, however, the mycelium was transferred from a solution 
of high concentration to distilled water, there was a sharp decrease in 
reproduction. 

6. When the mycelium of this fungus was transferred from the stand¬ 
ard solution to the high concentration of the same solution, pycnidia 
increased in number while perithecia decreased; when the process was 
reversed, the results were also reversed. 

7. Solution C, where cane sugar furnished the carbohydrates and 
ammonium nitrate supplied the nitrogen, was imable to induce either 
pycnidia or perithecia. When, however, the mycelium was grown in 
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this solution and then transferred to the standard solution, there was 
a marked increase in reproduction. When the process was reversed, 
e. g. the mycelium was transferred from the standard solution to solution 
C., reproduction was suppressed. When the mycelium was grown in 
the standard nutrient solution, then washed and transferred to solution 
C, and a few days later transferred back to the standard solution again, 
pycnidia formed in great abundance, while perithecia were suppressed. 

8. When the fungus was grown in the standard solution until the 
perithecia formed, and then washed and transferred to a fresh supply of 
the nutrient solution, perithecia gave rise, at their tips, to a new crop 
of perithecia, but no pycnidia developed. 

9. When the fungus was grown in the standard solution until the 
perithecia formed, and then it was washed and transferred to solution 
C, and a few days later it was again washed and transferred to a fresh 
supply of the standard solution, perithecia gave rise, at their tips, to 
stromata with mature pycnidia; eventually these pycnidial stromata 
gave rise to perithecia. The perfect fruiting bodies appeared as small, 
rostrate structures studded on globose stromata. 

10. When the fungus was allowed to form a good crop of mycelium 
and then it was washed and transferred to the different food constituents 
of the standard solution (these ingredients being used either singly or in 
aE possible combination), no suppression of either type of reproduction 
took place, 

11. When the mycelium of the fungus was developed in the standard 
solution, and then washed and transferred to M/8, M/16, M/32, and 
M/64 solutions of maltose, cane sugar, glucose, and levulose, it was 
found that the high concentrations checked perithecia formation; M/8, 
and M/16 concentrations of maltose, M/8, M/16, M/32 concentrations 
of cane sugar, and M/8 concentration of glucose and levulose hindered 
perithecia formation, while only the M/8 concentration of cane sugar 
prevented pycnidial formation. Levulose was found to be the most 
favorable for perithecia development and the least favorable for pycnidia 
production. 

12. When the mycelium of the fungus was developed in the standard 
solution, and then washed and transferred to M/8, M/16, M/32, and 
M/64 concentrations of ammonium nitrate, calcium nitrate, sodium 
nitrate, and potassium nitrate solutions, perithecia formation was 
hindered altogether. M/8, M/16, and M/32 concentrations of ammonium 
nitrate, and M/8 concentration of sodium nitrate prevented pycnidia 
formation as well. 
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13. fc^olutiou B, which containb no malt tjxtract but otherwibe ib ju&t 
like the standard solution, failed to induce reproduction. When the 
fungus was grown in this solution until a good mycelial growth was 
obtained, then washed and transferred to 0.6 per cent of malt extract 
for one, five, ton, fifteen, and thirty minutes, and one, two, four, eight, 
twelve, twenty-four, forty-eight, and sevenly-two hours, and then 
washed and transferred to a fresh supply of bolution B, it Avab found 
that one and five minuteb’ exposure to malt extract solution induced 
no reproduction whatsoever; ten minutes’ exposure induced pycnidia, 
and fifteen minutes’ exposure induced both pycnidia and perithecia. 
Longer exposmes merely served to increase the number of fruit bodies. 

Department of Plant Pathology, 

West Virginia Experiment Station. 
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ON THE RELATION OF TEMPERATURE TO THE DAMPING- 
OFF OF GARDEN-CRESS SEEDLINGS BY PYTHIUM 
DEBAR YANUM AND CORTICIUM VAGUM 

Takbwo Hbmmi 
With Two Figuhes m tehi text. 

INTBODUCTION 

The economic importance of damping-off diseases in the United 
States was first emphasized by Atkinson (1), who stated that treatment 
of these diseases requires special attention to the environmental condi¬ 
tions that influence the development of the pathogenic organisms. 
He concluded that damping-off is favored by high temperature, wet 
soil, humid atmosphere, weak light and lack of ventilation. Rhizoctonia 
(the sterile stage of Cortidum vagum B. et C. var. solani Burt) causes 
not only damping-off of seedlings, but also cankering of potato stems. 
Rolfs (17, 18) concluded that high temperature and abundant moisture 
were accompanied by rapid development of this organism on potato in 
Colorado. Balls (2) observed that high soil temperature apparently 
prevented the injury of cotton by Rhizoctonia, while lower soil tempera¬ 
tures favored the pathogenic action of this fungus. The same writer 
(3) found experimentally that Rhizoctonia mycelium infected cotton 
seedlings at 20® C., but not at 33® C. Morse and Shapovolov (14) 
observed great injury of field potato plants by Rhizoctonia in the hottest 
part of the summer, and Peltier (15), who studied various strains of 
this fungus experimentally, expresses the opinion that high temperature, 
together with too little or too much moisture, favors injurious infection. 
Johnson (6) showed that excessively moist and hot weather favors the 
occurrence of damping-off diseases. He considered the optimum tem¬ 
perature for the growth of Rhizoctonia to be about 25® C., while that 
of Pythium was thought to be about 33® C., and he pointed out the 
need for a knowledge of the relation of temperature to the occurrence 
of these diseases. 

Gilman (6) and Tisdale (19, 20) studied first the relation of soil 
temperature to Fusarium infections. Jones (10) emphasized the desira¬ 
bility for studying environmental relations in plant pathology, dwelling 
especially on the great need for studies of soil temperature as related 
to the pathogenicity of the organisms that cause plant diseases. Johnson 
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and Hartman (8j studied the relation of soil oonditious to rootrot of 
tobacco, reaching the conclusion that soil temperature is undoubtedly 
the most important of these conditions. Clayton (4) and several other 
authors reported experimental results from studies on several diseases, 
and Jones (11) has lecently summarized the progress thus far made in 
this important field. Johnson (7) further gave specia attention to air 
temperature as an influential condition. 

Although practical experience seems to teach that damping-off by 
Pythium is more serious with high temperatures and that caused by 
Rhizoctonia is more serious with lower temperatures, this relation has 
not been thoroughly studied experimentally. One report of experi¬ 
mentation of the sort just indicated has been published by Richards 
(16), on the pathogenicity of Rhizoctonia to potato stems, as related to 
soil temperature- Pure cultures or sclerotia of the fungus produced 
lesions near the base of the stem with temperatures of 9® to 27® C., the 
greatest damage occurring between 15® and 21® C. The fungus was 
pathogenically most active at 18® C. Richards concluded that it is 
only w’ith temperatures below 24® C. that this fungus is a serious hind¬ 
rance to potato production. 

The present paper reports the results of an experimental study of the 
relation of soil temperature and air temperature to the pathogenicity 
of Pythiwn. DeBaryanum Hesse and of Corticium vagum B. et C. var. 
aolani Burt towards seeds and seedlings of garden cress (Lepidium 
saiiv7im L.) in greenhouse cultures. The experiments were done in the 
Department of Plant Pathology of the University of Wisconsin, during 
the spring of 1922. The writer wishes to express his indebtedness to 
Doctors James Johnson, A. G. Johnson and F. R. Jones, for suggesting 
this study, and his special gratitude to Doctors James Johnson and Jones, 
for kindly supplying cultured strains of the fungi and for mnch other 
help. The writer is also greatly indebted to Doctors L. R. Jones, G. 
W. Keitt, E. M. Gilbert, and others, for helpful suggestions. Finally, 
he wishes to express his hearty thanks to Doctor Burton E. Livingston, 
of the Laboratory of Plant Physiology of the Johns Hopkins University, 
who read the original draft of the manuscript and did much editorial 
work on it, especially n*ith regard to its condensation into as brief a 
form as possible. 


THE OBGANISMS USED 

From seven strains of Pythium and an equal number of Rhizoctonia, 
a single strain of each was selected by means of preliminary tests on 
pathogenicity toward seedlings of garden cress and of lettuce." The 
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Pythium strain selected had been isolated from sugar beet by Dr. F. 
R. Jones, and the Rhizoctonia strain had been secured from a soil in 
Connecticut by Dr. James Johnson. Pure cultures of each of these 
were prepared and were used as sources for inoculation in the experi¬ 
ments to be considered below, the Pythium being grown on com-meal 
agar and the Rhizoctonia on potato agar. Besides exhibiting patho¬ 
genicity toward garden cress, both of these strains produced disease in 
tomato and cucumber seedlings. Ijettuce seedlings were seriously 
injured by this Rhizoctonia strain, but apparently not by this Pythium 
strain. 

bxpbeimentation with soil temperature alone approximately 

MAINTAINED 

In the first series of experiments only the soil temperature was con¬ 
trolled. The culture vessels were galvanized sheet-iron cylinders, 15 
cm. in diameter and 25 cm. deep, standing in water baths with suitably 
controlled temperatures. The apparatus used has been described by 
Jones (10) and by Johnson and Hartman (8). The e 5 dinders were nearly 
filled with soil, and the soil surface was affected by the air temperature 
of the greenhouse. Consequently the surface soil varied in temperature 
somewhat, tending to follow the fluctuating air temperature. Attempts 
to reduce the temperature variation in the superficial soil layers, by 
means of paper covers, etc., were not very successful. The upper layers 
of soil in the different baths were very different, however, in spite of 
this variation. 

A 6-cm. layer of artificially infested soil (made by mixing pure cultures 
of the fungus with sterilized soil) was added above an 11 cm. layer of 
sterilized soil in the bottom of each cylinder, and a 2.5 cm. layer of 
sterilized soil was added above this, on which 100 or 150 cress seeds were 
placed, covered with another layer of sterilized soil about 1.5 cm. deep. 
Controls were prepared in the same mamier, but with sterilized soil 
only. Soil temperatures for the superficial layer were determined from 
time to time, by means of thermometers, and water was added when it 
seemed to be needed. 

After the seedlings had appeared they were frequently examined, to 
determine the degree of infection for each temperature tested. At the 
end of each experiment the number of healthy, seedlings in each control 
cylinder and the number in the corresponding infested cylinder were 
recorded. In many cases the seeds were infected and failed to germinate, 
or the seedlings were killed before reaching the soil surface, and an in- 
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direct method of determining the degree of infection was consequently 
employed. To secure a measure or index of infection, the number of 
healthy seedlings in the infected cylinder was expressed as a percentage 
of the corresponding number in the control cylinder at the same tem¬ 
perature, and this value was finally subtracted from one hundred. 
The temperature ranges secured in the upper soil layers were about as 
follows, from four to six of the ranges being tested for each fungus in 
each experiment; 


13-17“ C. 

18-22“C. 

23-25“C. 

28-30“ C. 

14^15“ C. 

18-23“C. 

23-27“ C. 

28-31“ C. 

14^16“ C. 

19-21“C. 

24-27“ C. 

28-32“ C. 

14-17“C. 

19-23“C. 

25-27“ C. 

29-30“ C. 

15-18“ C. 

21-24“C. 

26-28“ C. 

29-31“ C. 

lfr-17“ C. 

22-24“C. 

26-28“ C. 

29-33“ C. 

16-18“ C. 

22-25“ C. 

26-29“ C. 

30-32“ C. 

18-21“ C. 

22-27“C. 

27-30“ C. 

32-34“ C. 


After the completion of six experiments, during the carrying out of 
which a number of difficulties in technique were encountered and wholly 
or partially overcome, it was found that the consensus of all the results 
was as follows: With low and with high temperature ranges, and for 
both the fungi, infection was not as serious as with medium ranges. 
Neither fungus produced infection with the highest range tested (32- 
34° C.). In one case Rhizoctonia produced infection with temperature 
30-32° C. With temperature 29-33° C. both fungi failed to give in¬ 
fection. With temperatures above 30° it is, however, unlikely that 
infection by this strain of Rhizoctonia would appear imder the general 
conditions of these experiments, while infection by this strain of Pythium 
should be expected frequently. With lower temperature ranges there 
was always more infection by both the fungi. The controls were uni¬ 
formly without infection. Damping off by Pythium was generally most 
serious with temperature ranges between 22° and 27°, while that by 
Rhizoctonia was generally most serious with temperature ranges between 
16° and 23°. With the lowest temperature tested both fungi were still 
dangerous parasites. From counts of the seedlings in each control 
cylinder it appeared that the highest percentage of germination of the 
seeds occurred within the temperature range 18-23° C. Germination 
was markedly retarded with temperatures above 30° C. 

These generalizations are not to be considered as precise; they are 
only rough approximations. Whether or not infection is to occur in 
any culture is of course determined bj a group of conditions, of which 
the soil temperature and the presence of the active fungus are only two. 
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Evidence was noted supporting the supposition that air temperature and 
air humiditj'^ are additional influencial conditions in this respect. The 
writer has also to call attention to the fact that, with both fungi, growth 
often occurs on the surface of the soil and the seedlings are attached at 
that level. Another series of experiments will now be considered, for 
which the soil and the air temperatures were both controlled. 

EXPERIMENTATION WITH BOTH SOIL AND AIR TBMPERATUEEb MAIN¬ 
TAINED AND ALIKE 

The experiments to be dealt with now were carried out with the culture 
vessels (4-inch pots of the ordinary type used in greenhouses) in ther¬ 
mostatically controlled chambers, the temperature of the soil being 
very nearly the same, in every case, as that of the air above, and both soil 
and air temperatures were maintained within a rather narrow range. 
The chambers used have been described by Johnson (7). Aside from 
the form of culture vessel used, and the temperature and air-humidity 
control, the procedure was essentially similar to that followed in the 
experiments considered above. The water-vapor-tension deficit^ was 
nearly the same for all temperature ranges. For the entire range of 
mean temperatures considered (10®-37® C.), the deficit range was from 
3.6 mm. to 9.1 mm. of mercury column. Each experiment included, 
for each temperature range, six cultures, two for each of the two fungus 
strains and two as controls. 

Four successful experiments were carried out. The numerical data 
for these summarized in table 1. The temperature and relative humidity 
ranges are given in the first two columns the approximate means of 
temperature and of relative humidity are given in the next two columns, 
and the approximate mean saturation deficits are given in the fifth 
column. The number in parenthesis in the first column denotes the 
serial number of the experiment in which the given temperature range 
was tested. 

^ The vapor-tenBion deficit i6 a measure of the tendency of the mr to take up water 
vapor, disregarding wind movements, which may be assumed to have been about alike 
in all chambers. It is derived from the mean temperature and the mean relative 
humidity in each case, by multiplying the maximum vapor pressure of water for the 
given temperature by the relative humidity value (considered as hundredths) and 
then subtracting the product from the maximum vapor-pressure value. Thus, for an 
mean temperature of 10 C. and a mean relative humidity of 62 per cent., we multiply 
9.165 mm. by .62 and obtain 5.682 mm., which we subtract from 0.165 mm., obtaining 
3.483 mm., the deficit value sought. The maximum vapor tension is of course to be 
found from tables of physical constants. In this coimection, see (9,12,13). 
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The calculated percentages of infection are given, for each of the two 
fungi, in the sixth and seventh columi^. Percentages of infection that 
are above 80 are shown in bold-face type in the table. Percentages of 
germmation (number of seedlings produced in the controls, divided 
by 80 (number of seeds planted), and that quotient multiplied by 100 
are shown in the last column. 


TABLE 1.— Numerical data from experimenta wUh soil temperature and air temperature 

maintained and alike. 


Tempera¬ 

ture 

Range 

Relative 

Humidity 

Range 

MeanTem- 
1 perature 
(approx.) 

MeanRela- 

Mean 

Vapor- 

tension 

Deficit 

(approx) 

Percentage of 
Infection by 

Percent¬ 
age of 

tive 

Humidity 

(approx) 

Pjfihivm 

Coriv- 

dum 

(RMzoo- 

onia) 

Seed 

Germi¬ 

nation 

(controls 

deg. C. 
&-12 (2) 

per cent 
6A-70 

deg. C. 

10 

per cent 
62 

mm. of Hg 
3.6 

24 1 

72.4 

72.6 

13-18 (1) 

44-55 

16 

50 

6.7 

45 6 

87 7 

71.3 

15-18 (8) 

40-00 

17 

50 

7.2 

64.4 

98 2 

73.8 

19-21 (4) 

49-60 

20 

55 

7 8 

92.7 

69 1 

68.8 

20-23 (2) 

64r-72 

22 

63 

7 3 

83.6 

86 2 

76 3 

22-26(8) 

60-80 

24 


6.6 

85.5 

80 0 

68.8 

25-27 (8) 

68-83 

26 

76 

6.0 

96 2 

67 9 

66 3 

28-31 (2) 

76-93 

30 

84 I 

6 0 

87 5 

68.8 

40 0 

28-32 (1) 

68-85 

30 


7.3 

90.0 

53 3 

37 5 

33-36 (4) 

65-88 

34 


9.1 

0 

0 

0 

36-38(1) 

80-90 

37 



0 

0 

0 


The foDowing paragraphs bring out the more striking points of each 
experiment. 

Experiment I. March 18-31. With temperature range 35-38®, 
germination was almost inhibited in both infested and control cultures, 
and germination was best with the lowest range (13-18®). The plantlets 
are shown to have been much more seriously attacked by Pythium 
with temperature range 28-32° than with range 13-18°. On the other 
hand, Phizootonia injury was markedly more serious with range 13-18° 
than with range 28-32°. 

Experiment II. April 4-22.—Germination is shown to have been 
best with temperature range 20-2^, but with range 8-12° the germina¬ 
tion percentage is nearly as high. The most serious injury by Pythium 
oocurred with range 28-31°, while Bhizoetonia injury was most serious 
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with range 20-23°. With range 8-12° one seedling was affected by 
Rhizoctonia after its shoot emerged from the soil. At the end of the 
experiment all cultures were removed from the chambers and placed 
on the greenhouse bench, where the temperature of the surroun d i ng 
air might be considered as suitable for infection After two days marked 
infection was shown in all mfesfed cultures, but the controls remained 
free from disease. 

Experiment III. April 25-May 7.—Germination was nearly the 
same in aU the controls. The most serious Pythium injury occurred 
for temperature range 25-27°, while Rhizoctonia injurj' was most marked 
for range 15-18°. Range 22-26° gave intermediate infection percentages 
for both fungi. 

Experiment IV. May 18-28.—^For temperature range 33-35°, no 
germination occurred in control cultures (two seedlings grew in one 
infested pot), but germination was good for the other range of this 
experiment (19-21°). Both fungi attacked the plants vigorously with 
the lower range. 

Considering all the data of table 1, it appears that the Pythium 
strain here dealt with caused disease in more than 80 per cent of the 
seeds and seedlings for temperature ranges from 19-21° to 28-32°, or 
from about 20° to about 30°, and all ranges thus included were apparently 
about alike in this respect With lower temperature ranges the percent¬ 
age of infection was progressively lower, but the lowest range tested 
(8-12°) gave 24.1 per cent of injury. For the highest two ranges tested, 
there was no germination in any control pots (few seedlings came up in 
some infested pots), and it appears that a temperature high enough to 
prevent infection by this Pythium would be so high as to inhibit seed 
germination of this Lepidium. 

As to infection by the Rhizoctonia strain here studied, the infection 
percentages are above 80 per cent for ranges 13-18 °, 15-18°, 20-23°, 
and 22-26°. Disregarding the exceptional case of range 19-21°, we may 
say that this fungus was very injurious for temperatures from about 
16° to about 24°. The lowest range tested (8-12°) gave an injury 
value of 72.4 per cent. For ranges above 24° the injury was smaller, 
but its value is 63.3 per cent, for the highest range with which germination 
occurred in the controls (28-32°;. 

These results indicate clearly that the range of temperatures favoring 
injury to these seedlings is very wide for both fimgi but that this Pythium 
was most injurious for temperatures between 20° and 30°, while this 
Rhizoctonia was most injurious for a lower range between 16° and 24°, 
(See figs. 1, 2.) 
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The relation of temperature to seed germination in these experiments 
may be studied by means of the data in the last column of the table. 
Germination seems to have been sensibly about alike (68.8-76.3 per 
cent) for all temperatures from about 10® to about 24°. With higher 
temperatures germination was hindered, and for ranges 33-35° and 
35-38° it was inhibited. 



I'lg. 1. Seedlings of Lepidtim sativim L. grown with soil temperature about 26° 
C. a, in Corticium- (Rhizoctonia) infested soil, c, in P 3 rthium- infested soil, b and 
d, in iminfested soil. 



Fig. 2- Seedlings of Lepidium sativum L. grown with soil temperature about 16° 
C. a, in Corticium-(Rhizoctonia) infested soil, c, in Pythium-infested soil, b and 
d, in uninfested soil. 


GENERAL CONCLUSIONS 

In a general way, the results of the two series of experiments con¬ 
sidered above agree in showing (1) that both fungi were injurious to 
garden cress seeds and seedlings for temperatures between about 10° 
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and about 30® C’. No statement for higher temperatures can })e made, 
since those tested inhibited seed germination. Lower temperatures 
were not tested. (2) These results also show that the Pythium strain 
here used was less injurious to these Lepidium seedlings than was the 
Rhizoctonia strain for temperatures below about 20° C., and more 
injurious than the Rhizoctonia strain for temperatures above about 
24° C. (3) For temperatures from about 17° C. to about 26° C., both 
fungi were very injurious. (4) The temperature ranges of most active 
infection may be stated, approximately, as follows:— 

Pythium de Baryanum 2U-30"O. 

Cortidum vagum (Rhizootoma) 16-24®C. 

(5) The Lepidium seeds used germinated well for temperatures from 
about 10° to 24° C. Lower temperatures were not tested. Germination 
was markedly retarded or entirely inhibited with temperatures above 
about 30° C. 

These conclusions are of course not to be taken as applicable to 
other fungi or hosts and they are only approximate, even for the or¬ 
ganisms employed in these experiments and for these experimental 
conditions. 

Labobatoey of Plant Physiology, 

Johns Hopkins University. 
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PHYTOPATHOLOGICAL NOTES 
11 

Blister rust of the white pine. The question as to whether Cronaitium 
ribicola would winter over on the currant has been before American 
plant pathologists almost ever since the white pine blister rust became 
an important factor on America. Thus far no satisfactory experiments 
have been carried out which would give a positive answer to this question. 
In 1921 a planting of black currants near Blue Anchor (Camden county) 
N. J. was selected for field test on this problem. This planting has been 
known to be infected for several years and although the surrounding 
country has been thoroughly worked by both Pederal and State scouts 
the nearest known alternate hosts were fully three quarters of a mile 
distant and were not infected. In fact so far as known there are no 
infected pines in South Jersey. The planting is an inter-row crop in 
a young apple orchard which is just coming into bearing and is bounded 
on two opposite sides by narrow strips of forest. There is considerable 
forest in the immediate vicinity but no large areas. 

This planting was examined in the late summer of 1921 by Dr. 
Perley Spaulding of the U. S. Bureau of Plant Industry and the writer, 
and found to be heavily infected with C. ribicola and it was definately 
decided to make a field test in 1922. Therefore, in March 1922 a double 
thickness cheese cloth tent was erected over a considerable number of 
plants by Coxmty Farm Demonstrator S. F. Foster and the writer. The 
cloth was furnished by the U. S. Bureau of Plant Industry. The tent 
was stretched over a ridge pole and securely anchored to the ground. 
During the summer of 1922 the entire planting was inspected by Dr, 
Haven Metcalf of the U. S. Bureau of Plant Industry and the writer in 
May, by Dr. 11. II. York and the writer in June and by the writer alone 
in August. At the time of the first inspection a single infected leaf was 
found at considerable distance from the tent. At the time of the second 
inspection a considerable amount of infection was found in the planLmg. 
At the time of the third inspection the plants under the tent were found 
to be very generally infected but the infection was very light, i. e. there 
was rarely more than one or two spots on any one leaf. Infected plants 
were found throughout the planting but the infection was very light as 
compared with 1921. The writer realizes that the evidence is not con¬ 
clusive, that it is possible that spores may have sifted through the 
cheese cloth tent but the evidence indicates that the fungus may possibly 
be carried from year to year on the currants.— Mbl T. Cook. 
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Dwarf asparagus. At the Toronto meeting of the American Phyto- 
pathological Society, the writer reported a disease of asparagus which 
was of occassional occurrence throughout the state of New Jersey. 
Prom time to time for several years, dwarfed or stunted asparagus has 
been sent in for examination during the cutting season. These specimens 
were short, usually thick and slightly irregular in shape. They usually 
showed a slight cracking on the part of the stem below the surface of 
the ground and a discoloration varying from a slight brown to a pro¬ 
nounced rust. The most marked character was the dwarfing and it 
was this point that brought out the inquiries. In all cases, more or 
less Fusarium was found on the specimens. The complaints were so 
few that no efforts were made to study this trouble until the summer of 
1921 when the writer's attention was called to two cases where the 
plants over circular areas in the fields were dwarfed and apparently 
dying. The disease was most severe in the centers of the areas, gradually 
becoming less prominent towards the margins which were not sharply 
defined. The areas had very much the appearan ce of having been struck 
by lightning but this idea was abandoned, (1) because the plants in the 
areas were never equal at any time to the surrouncfings plants although 
the variations were least noticeable very early in the season, (2) because 
there was no wilting, (3) because no other plants were injured, (4) 
because the trouble occurred over this same area from year to year. 
In these cases the diseased plants showed a pronounced brown or rusty 
discoloration on the stems below the surface of the ground, which re¬ 
sembled the browning on potato stems when infected with Rhizoctonia. 
The plants were dwarfed and died very slowly but new shoots were 
sent up and usually became infected. These plants were foimd to be 
heavdy infected with Fusarium sp. During the winter of 1921-22 
a number of healthy plants were grown in the green house and were 
inoculated with the organism from time to time. The results of these 
studies are as follows: (1) the organism is a pathogen producing the 
symptoms described above, (2) the younger the shoot the more easily 
it is infected, (3) when the stem gets above the ground without infection 
it is not likely to become infected, (4) infection is most easily accomplished 
if the stems are slightly injured, (5) very young stems may be infected 
without previous injury, (6) stems four inches or more in height are 
not likely to become infected, even though injured. Checks were used 
with every inoculation and the organism was recovered from the dis 
eased plants.—^M el T. Cook. 
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A disease of dahlias. During the month of September 1922 Dr. M. 
A. Howe of the New York Botanical Garden called the attention of 
the writer to a mild diseape of dahlias. This disease occurred on only 
two varieties, Snowdrift and Shasta, both of which are white. The 
first evidence of the disease is a water-soaked appearance of the stems 
accompanied by a wiltmg of the infected parts. The diseased parts die 
and become black and dry. The central cavities of the stems are more 
or less completely filled with a luxuriant growth of mycelium and a 
considerable number of large sclerotia developed. The sclerotia are 
somewhat larger and more abundant in Snowdrift than in Shasta and 
this holds true in the cultures from them. This organism has been 
determined by Professor H. H. Whetzel as Sclerotinia hberhana. The 
disease is not severe and camiot be considered of major importance. 
The writer is unable to say at this time whether this is a weak strain 
of the fungus or whether the plants are resistant. No experiments have 
been tried.— Mel T. Cook. 

White pine blister lust in Michigan. Four different pine infections 
were located in Michigan during the past season. Three of these were 
found in Oakland County in the vicimty of Birmingham, and Hoyal 
Oak. These outbreaks clearly demonstrate the persistance of the rust 
in localities where it has previously appeared. In the vicinity of Bir¬ 
mingham, local currants and gooseberries were infected. The center 
of the infection was discovered early in the season and the dkieased 
plants destroyed. Ribes aureum Pursh., Rihes americanum Mill., Ribes 
cynosbati L., Ribes nigrum L., and cultivated red and white currants 
{Ribes vulgare Lam.) were infected. Ribes americanum led the list in 
the number of diseased bushes. This was probably due to its abundance 
and favorable location with respect to the diseased pine. The dry 
1922 season in this section of the state is also believed to have materially 
reduced the number of infections. The fourth pine infection was dis¬ 
covered about seven miles east of Grand Rapids in Kent County. 
This tree was found in a planting made from stock received from Ussy, 
France, in 1908 before the establishment of quarantine restrictions. 
This is the first time the rust has been found outside of Oakland County, 
and is the first known occurrence of the disease in western Michigan. 

Scouting was supplemented by an educational campaign among the 
school children. A great deal of material was sent in for examinaiion 
from all sections of the state, especially from the northern counties. 
Althougjh no blister rust infections were located, the campaign aroused 
much interest in tlm protection of white pine. 
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The first blister rust infection on pine in. Michigan was found in a 
nursery near Pontiac, Oakland County during 1917, a year later than 
the first reported outbreak of the disease in Wisconsin. Two infected 
pines were located the following year, one in a nursery near Birmingham 
and the other in a local ornamental planting. Scouting and inspection 
work were continued in 1919, but confined principally to white pine 
plantings and to currants and gooseberries in the vicinity of such plant¬ 
ings. Although the blister rust was not found in the same places where 
first discovered, another diseased pine purchased from a nursery near 
Birmingham was located in Oakland County. However, as in previous 
years all efforts to locate the disease on currants and gooseberries 
failed. No blister rust was found in the state during the scouting seasons 
of 1920 and 1921. 

Small scattered stands of second growth white pine are frequently 
encountered in the northern half of the lower peninsula. Oakland 
County marks about the southern limit of native white pine in the 
eastern part of the state. In this county where it occurs very sparingly 
around some of the lakes there are numerous plantations of white pine. 
However, cultivated black currants are more or less prevalent and a 
constant source of danger to the pine because of their extreme suscepti¬ 
bility to the blister rust. As this disease is present in Wisconsin and the 
Province of Ontario, Canada, it was to be expected that the disease 
would sooner or later invade Michigan. Up to date, however, all in¬ 
fections can be traced to white pine of French origin. 

Second growth pine as well as some virgin pine mixed with hardwoods 
is found in the upper peninsula. Wild and cultivated currants in this 
region favor the spread of the disease once it becomes established in 
that part of the state. The pine barrens or plains are somewhat isolated 
from the sources of infection already known. Wild currants and goose¬ 
berries are abundant along the streams and in the swamps, but do not 
occur on the sand. The state park at Interlochen, as well as many of 
the state forests are situated on the plains where the localized occurrence 
of currants and gooseberries will facilitate the control of the rust in 
these areas.— D. V. Baxter. 
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International conference of phytopathologists in Holland, June 26 to 
30,1923. Attention was called to this important meeting in the March 
number of Phytopathology on pages 147-148. More details have been 
received and the following program is now announced. 

Monday, June 25: Presidential address of welcome and lecture on 
plant diseases as seen from the standpoint of general pathology. Demon¬ 
stration of experiments, especially on potato diseases. In the afternoon 
and evening addresses, papers and discussions of foreign and Dutch 
colleagues. 

Tuesday, June 26: Address by Mr. van Poeteren on organization 
and methods of the Dutch Phytopathological Service. Discussion about 
international laws and requirements. In the afternoon, demonstrations 
of some methods of control of pests and diseases as practiced in Holland, 
e. g. the furrowing-wheel to destroy leather-jackets, control of American 
gooseberry mildew, of smut and stripe in grain crops, etc. Evenmg 
meeting: addresses, papers and discussions. 

Wednesday, June 27, and Thursday, June 28: Trips through the 
country. To prevent congestion of the program, participants are re¬ 
quested to subdivide,—into those interested in agriculture, and those 
interested in horticulture. On Wednesday morning the first group 
will travel by rail to Friesland, where farms and selection fields of pota¬ 
toes are to be visited; next day at Grdningen Agricultural Experiment 
Station, address of Mr. Hudig on diseases of crops on alkaline and sour 
soils, and visit to Mr. Hudig’s experiments. Visit to the Experimental 
Farm of the GrSningen Seed Growers’ Association or another farm 
of the same kind. 

The second group will visit: first the nurseries of Boskoop and Aal- 
smeer, situated in a typical Dutch country region below sea level; 
thereafter visit to the bulb-growing districts near Haarlem. Dr. v. 
Slogteren will address the company and give a demonstration of modern 
methods of combating some bulb dioeases, e. g. eelworm. This trip 
will wind up with a visit to the early potato districts of North Holland, 
where selection is practiced. 

It would be possible, if desired, to form a third group for visiting 
other centers of culture, such as the Westland, the most important 
district growing vegetables and fruit under glass (grapes and peaches) 
of Holland (where results obtained by a winter spray with carbolineum 
against peach and grape scale will show at best advantage); afterwards 
the orchards in North Holland and the early potato selection fields in 
the same district might be visited. 
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Fnday, June 29: Meeting of Baarn; address of Prof. Westerdijk on 
the cultivation of parasitic fungi and demonstration of research work. 
Afternoon devoted to discussions and inspection of the international 
collection of fungi cultures. This meetmg will be prolonged during the 
evening for addresses, papeis and discussions, and even to Saturday 
morning, if desired. 

Satwday, June 30: In the afternoon the conference will leave for the 
Hague, for an informal meetmg at the Ofl&ce of the Minister of Agri¬ 
culture (reception by or on the part of the Minister). Thereafter the 
committee will be pleased to entertain all participants at dinner in the 
bathing resort Scheveningen. 

The Committee in charge of the Conference is composed of—Dr. H. 
M. Quanjer, Prof. Johanna Westerdijk, N. van Poeteren, T. A. C. 
Schoevers, J. Hudig, Dr. E. van Slogteren, G. Kruseman, J. C. Dorst, 
J. G. Hazeloop, E. H. Krelage, and J. H. van Straaten van Nes. 

Opportunity will be given for the reading of papers or for the discussion 
of important questions on the subject of plant diseases or insect pests, 
and persons desiring to present papers or to have discussion on any 
such subject should submit abstracts, in advance of the meeting, to the 
Secretary, Mr. T. A. C. Schoevers, Villapark 8, Wageningen. Mr. 
Schoevers should also be notified in the case of each one planning to 
attend the conference, in order that proper arrangements for trans¬ 
portation and entertainment may be made. It is hoped that as many 
pathologists as can will endeavor to be in Holland during the latter 
part of June.—E. J. Haskell. 

Polyporus apraguei Berk,^ caui,e of hemi rot: Polypoius spraguet 
causes a brown friable rot in the heartwood of the trunk and roots of 
living Quereua rubra, Q, prvnus, Q. cocamea, Q. velutina, Q, marylandica 
and Castanea dentata. In a mill yard near Salem, Indiana, 16 logs 
recently cut from living chestnut trees were infected with this fungus. 
Sporophores developed from the decay in the ends of the logs in about 
two weeks after the logs were cut. Dr. G. G. Hedgcock, and Mr. G. 
F. Gravatt both report finding the fungus growing from the heartwood 
of Hving oaks. The dark brown friable decay in advanced stages is 
uniform in the heartwood and is confined to the roots and the lower 
siK to nine feet in the trunk. The fungus fruits abundantly from stumps 
after trees are out and may so continue as long as there is any sound 
heartwood.—^J ameb R. Wber. 
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Leaf spot of lettuce. Apparently an undescribed Cercospora leaf 
spot of lettuce (Lactuca sativd) has been found at the College of Agri¬ 
culture, Los Bafios, P. I. It was first noticed about the middle of March, 
1922 and disappeared the last of May when the plants died of old age. 

The lesions at first appear as small watery spots at the edge of the 
leaf. Gradually the spots spread inward and the older diseased tissues 
turn brownish. The fruiting structures, consisting of conidiophores 
and conidia, are found on this dead tissue. The conidiophores measure 
from 63.2 to 130.3 long 6.3 to 7.5 wide with 5 to 8 septations; the 
conidia measure 43.4 to 96.3 in length, 4.7 io 5.6 wide with 5 to 12 
septations. The brownish conidiophores are produced in bunches, are 
simple and erect, and arc frequently geniculate as is common in this 
genus. The conidia arc straight or slightly curved, hyaline, tapering 
from a rather wide base to a point, distinctly linear. 

The disease is not fatal lo the plant but at times every leaf is spotted 
and in many cases killed. I have searched through all available litera¬ 
ture and I fail to find reference to such a Cercospora disease on lettuce. 
Therefore I suggest the name Cercospora lactucae n. sp. to designate the 
fungus. I am giving this name purely for convenience and I realize 
its use will be but temporary in that various Cercospora diseases have 
been found to be caused by the same organism on many different hosts. 
—Colin G. Welles. 

Personals: Doctor O. A. Reinking has resigned from the University 
of the Philippines to take a position as plant pathologist m Honduras, 
for the United Fruit Company. Doctor Reinking recently received 
his doctorate at the University of Wisconsin where he has continued 
researches begun in the Philippines on coconut bud-rot. He obtained 
leave from the University of the Philippines about a year ago and re¬ 
turned to this country by way of British North Borneo, Java, Italy, 
Germany, France, and England, visiting important mycological and 
pathological institutions. 



ABSTRACTS OF PAPERS PRESENTED AT THE FOURTH ANNUAL MEET¬ 
ING OF THE CANADIAN DIVISION, AMERICAN PHYTOPATHOLOGICAL 
SOCIETY, STE. ANNE DE BELLEVUE, PROVINCE OF QUEBEC, DEC¬ 
EMBER 7 TO 8, 1922. 

La campagne corUre les mvierelles dans QvAbeo in 1922. G. Mahbux. 

Plant diseases of 1932 in western Quebec. B. T. Dick&on. 

Fifty diseases are mentioned among which the following are of interest as being 
new or of augmented importance during the season. Pink root of onion (F. malh) was 
noted for the first time from Quebec, the wilting leaves being later attacked by Botrytis 
sp. Celery Blight (S. peiroselini apii) was serious. Powdery mildew of clover {E. 
polygom) was of such widespread occurrence that clover fiLelds appeared as if powdered 
with flour. Notwithstanding this, it was diflicult to find the perfect stage. Sunflower 
fetem-rot and wilt {S. Ubertiana) was common and rust (P. hdiantki) was present to the 
extent of 75 ijer cent in Sept. Phylhstista leaf spot on McIntosh apple gave 100 per 
cent infection in one orchard and Bitter rot (0. nfomaculans) on Fameuse was found 
in two orchards. Exceedingly heavy infestation with E. pruni causing bladdeivplumB 
occurred on wild varieties. Septoria paeoniae var. berolinmsis was pronounced on 
Peony causing leal, petal and stem spot. 

The natural control of the green apple bug (Lygus communis var. novascotiensis Knight) 
by a new species of Empusa. A. G. Dttstak. 

The green apple bug is one of the most destructive pests in the apple-growing sections 
of Nova Scotia. In certain localities the insect has been mysteriously dying out and a 
study of its natural enemies shows that this is due to a new species of Empusa. The 
life history and morphology of this fungus have been worked out in detail. Studies 
concerning the economic importance have shown that the fungus lends itself readily 
to artificial dissemination. 

(Control of the onion maggot in 1932. W. J. Tawse. 

The Dominion Entomological Service. A. Gibson. 

Ihsinfixtion $t pareelles, 0. Caron. 

The pdllinatian of certain vegetable plants by insects. R. G. Trbhbbnb. 

IT'ood V. fungi (Demonstration slides). R. J. Biaib and J. D. Halb. 

AddrP'w ly Dominion Frv^ Commissi&rier. G. E. McIntosh. 

The past and future of plant pathology. Dr. MbiiVujubi T. Cook. 

(Printed in full in Journal of Quebec Society for the Protection of Plants.) 
Report of the Plant Disease Survey, F. L. Dbatpon. 
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Ctdtural reactions of sotne dry root-i'ot organism. T. G. Major. 

Seven species of Fusaria wore grown on seventeen different media at different temp¬ 
eratures and at different H-ion concentrations to determine the effects on growth 
characteristics. There is a variation in type of growth, colour production, chlamydo- 
spore production, and type and size of the macroconidia on the different media. More 
luxuriant mycelial growth with more intense colouration occurs at 26® C. than at 
20“ C. but spore size is practically unaffected. A gradation in growth characters was 
apparent in some species but the reaction of the mediiun is not the only factor concerned. 


The preserU status of white pine blister rust in Canada. A. W. McCaijiiTTM 
Blister rust is now present in the following provinces—^Prince Edward Island, Nova 
Scotia, New Brunswick, Quebec, Ontario and British Columbia. In eastern Canada 
while the currant stage of the rust is fairly widely distributed the percentage of infected 
pines is surprisingly small. In British Columbia rust was first found in the autumn of 
1921. This year work done in that province has shown that the disease is generally 
present in the coastal area and that any attempt at eradication or suppression would 
be quite hopeless. Bust has been present for at least twelve years in this section of 
the province. Late in the season rust was found on both pines and currants in the 
interior at Bevelstoke and vicinity. The oldest infection found there was about five 
years of age. If further word does not show that rust is more widely distributed in 
this area it may then be possible to adopt methods of suppression. 

Red branch of Conifers. J. H. FAtrLL. 


Two diseases new to Ontario. J. E. Howitt. 

Two new diseases were found this summer, namely pink root of onions and white 
rot of grapes. 

Pink root is established in the onion growing marshes southeast of Leamington. 
At least fifty acres of onions wore affected by this disease this year. Many fields con¬ 
tained large patches of diseased plants and the growers estimated their loss at not less 
than 10 per cent of the crop. 

White rot of grapes was foxuid in vineyards near Winona and St. Catherinch. This 
disease may cause very serious damage to certain commercial varieties of grapes. 
The variety which appeared to be moat susceptible was Agawam or Rogers No. 16. 
TTnsprayed rows of this variety had over eighty per cent of the bimohes affected and 
unfit for market. White rot is easily confused with black rot. It can be told however, 
from the black rot by the fact that it apparently always shows on the pedicels first 
followed by a wilting of the berries which later develops brown lesions, shrivel up and 
become covered with light brown pycnidia. One year’s experiments indicate that 
white rot even on very susceptible varieties is really prevented by spraying with 
Bordeaux mixture as recommended for black rot. 


Control of oat smut. Dickson, B, T., It. Summbbby and J. G. Couiaon. 

Co-operative experiments (with the Plant Protection Institute) were carried on 
during 1922 to test the efficacy of copper carbonate dust smd other treatments. Banner 
and Hulless 709 M. 0. were used. Formaldehyde spray adversely affected germination 
in Hulles 709 M. C. Field counts showed 1 cent smut in check Banner as against 

0 per cent in plots treated with copper carbonate dust and an average of 49 per cent 



292 


PHYTOPATHOLOfiY 


[VoL. 13 


smut in check Hulless 709 M. C. against 0.3 per cent in plots treated with copper car¬ 
bonate dust. The latter treatment was almost as efficient ad the formaldehyde spray 
and less injurious to germination. 

Abstract of Jive-years co-operative experiments in the prevention of oat smut. J. B. Howitt 

.iND K. E. Stone. 

Experiments were conducted to show the effectivenebs of the dry formaldehyde 
treatment for the prevention of oat smut. Forty three trials were made and 3,002 
bushels of oats treated. The average results of the five-years experiments: Average 
amount of smut in crop from treated seed .6 per cent. Average amount of smut in 
crop from untreated seed 3.7 per cent. Average germination of treated and untreated 
seed was found to be exactly the same, namely 97.5 per cent. 

Tests of copper sulphate dip, formalin sprinkle, formalin spray and the ho-called dry 
formaldehyde treatment for oat smut, copper carbonate dust, 2 oimces per bushel and 
dehydrated copper sulphate and lime, 2 ounces per bushel. Results: copper carbonate 
dust and copper sulphate dust did not prove satisfactory in the control of oat smut 
this year on hulled varieties of oats. Copper carbonate dust gave good control of oat 
smut with the Liberty hulless oats, without any appreciable injury to the genninative 
capacity of the treated seed. The so-called dry formaldehyde treatment proved to 
be one hundred per cent efficient this year under plot conditions. 

The control of raspberry mosaic. J. F. Hockbi. 

The results of roguemg expenments on the control of mosaic in commercial planta¬ 
tions have proven sufficiently buccessful to warrant publicity. Plantations which 
had in 1921, 4.71 per cent, 11.7 per cent and 31.17 per cent were rogued once and in 
1922 there was present in these patches, respectively 0.33 per cent, 1.26 per cent and 
2.27 per cent. Several of the mosaic plants found this year were new infections which 
had not shown symptoms at the time of roguemg, others were stray canes from plantb 
■which had been rogued. It is evident that by thorough rogueing of one and two year 
old plantations the disease can be profitable controlled. Rogueing of fruiting plantar 
tions over three years is not generally advisable. 

Balham rusts. H. P. Bell ajos J. H. Faull. 

Peony diseases. J. G. Coulson. 

A study of the diseases of the peony carried on at MacDonald College, P. Q. has 
shown it to be subject to the following seven diseases. 

1. Botrytis blight (Botryiis paeoniae Oud.) most troublesome on the buds caubing 
also a small amount of leaf and stem blight. 

2. Cladosporium leaf blotch (Clados port um paeonutr Pass.) cstunated infection or 
all varieties 6 per cent. 

3. Septoria leaf spot (Sepioria paeomae West var. berohnensis AUesoh.) a very trouble¬ 
some dk»ase on leaves and stems. The infection for the falls of 1921 and 1922 ranged 
from 0 to 85 per eent on different varieties. The a'verage for all varieties was estimated 
at 20 per cent. This is the first time this fungus has been reported in Canada. 

4. Mosaic^’ diseases—found on a few ■varieties but not serious. 

5. Two leaf spots of unknown cause. 

<a) Oharacteriised by small irregular lead white spots ■with a comparatively broad 
purple border. Spots confined mostly to upper surfaces of leaves—Estimated infection 
—2 per cent. Believed to be due to an undetermined Phyllostiota. 
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(b) Definitely limited irregular yellow spots, 2-8 mm. broad with a dark border. 
Estimated iofection 2 per cent. An Altemaria is believed to be the cause. 

6. Disease of the underground parts. 

One plot of peonies was very heavily infected with a typical root rot with a blacken¬ 
ing of the rhisome and base of stem. A Fusarium was constantly associated. 

Eooi rot and blight qf canning peas. R. E. Stonb. 

During the summer of 1922 our attention was directed to a serious root rot and blight 
of canning peas. The disease is particularly prominent in Prince Edward county and 
the farms engaged in growing canning peas for seed. In many cases only spots in the 
fields are affected but on some farms whole fields show the presence of the disease and 
did not produce as much seed as was sown. 

Enough experimental work was carried on to show that seed treatment and the use 
of fertilizers in commercial quantities would be of no bene;fit. 

One of the fimgi isolated from the diseased plants was Fusarium sp., but it is prob¬ 
able that other fungi may be associated with the trouble. 

At present the plans suggested for combatting the spread of the disease include; 
1. A long period of rotation.^ 2. Thorough drainage, 3. Use of resistant strains of peas. 
Distribiition of Bibes and Cronartiwn ribicola in Ontario. Q. H. Dtnw. 

Baderial soft rot of Iris. J. K. Richahdson. 

The disease is a typical soft rot, destroying the rhizome as well as the foliage. Thirty- 
six rot*producing organisms were isolated from various sources and inoculations carried 
out, which resulted in obtaining typically diseased plants from the inoculations with 
two of the isolated organisms. These two reacted in a similar manner to, and appear 
to be, forms of Bacillus carotovorus Jones. 

Blm et&n of the black raspberry. J. F. Hockey. 

The blue stem disease of black raspberry as originally described by Lawrence (Wash. 
Agr. Experiment Station Bulletin 108,1912) has been found in commercial plantations 
scattered through the Niagara district. A fungus growth of the Vertioillium type and 
corresponding to the description of Acrostalagmus caulophagus, Lawrence, was readily 
isolated in culture and is now under observation and study. It appears from Carpenter’s 
article in the Journal of Agricultural Research 12: 52{h546, as though this organism 
differs very little from and probably is identical with VertUMivm edbo-atnm, Reinke 
and Berthold. 

Plant pathology in public schools, W. A. McCubbin. 

Dusting with copper carbonate and other substances for smut control. W. P. Fbasbb Ain> 
P, M. SmuoNDS. 

Experiments were carried out in co-operation with the Dominion Experimental Farms 
at Indian Head, Rosthem and Scott in Saskatchewan and at Iiaoombe in Alberta. 
Copper carbonate dust, copper sulphate and lime and a number of other substances 
were used and compared with the wet formald^yde treatment. Lx all cases the for¬ 
maldehyde solution gave perfect control. Copper carbonate dust was fairly effective 
in the wheat experiments, reducing the bunt present to about H per cent. With Banner 
oats the smut was reduced by copper carbonate to about one per cent. In the experi¬ 
ments with Liberty oats (hulless) which are seriously injured by formaldehyde treat¬ 
ment, copper carbonate dxist reduced to smut to a small percentage except where the 
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check plots showed a very high percentage of smut. Copper sulphate and lime and 
the other substances used for dusting were not satisfactory. 

TTeatm&fU of wounds in tree surgery, R. E. Cossbotb. 

The brome birch borer. C. B. Hutchings. 

Preservative treatment of farm iiTribers. J. H. Codbbbb. 

A cmtnimtion to the hnowledge of the tree destroying fungi of the Vancouver forestry district. 
N. L. CUTUBB. 

A study was made of tree destroying fimgi in the region of Vancouver. The following 
24 species were found to be important: 

Fuscoporia ferruginoaa (Schrad.) Murr. 

FomUiporia teugina Murr, 

Poria sp., P. mbacida Pers. 

Fomitvpordla betidina Murr. 

Coriolus versicolor (L.) Quel., C. deledans Murr., C. bcdsameva (Peck) Murr., 
C. dbielvnvs (Dicks.) Quel. 

Pipioporus svberosm (L.) Murr. 

Pdyporvs fissus Berk. 

Laetiporus spedosua (Batt.) Murr. 

Phaeolus sistotremoidea (Alb. & Schw.) Murr. 

Pomes roseus (Alb. & Schw.) Cooke, F. ungvlatus (Schaeff.) Sacc., P. laricia (Jacq.) 
Murr. 

PyropolypoTUS rdbiniae Murr. 

Porodaedalea pini (Thore) Murr, 

Elfingia megaloma (Lev.) Murr. ' 

Ganoderma oregonense Murr., Q. sessile Murr. 

Daedalea comfragosa (Bolt.) Pers. 

GloeopkyUum trabeum (Pers.) Murr., G. abietindlum Murr. 

Twenty four species of fungi were found associated with timber rots in this district. 
Of these, six belong to the tribe Poriae, eight to the tribe Polyporae, eight to the tribe 
Fomiteae, three to the tribe Daedaleae, one to the tribe Ascomycetes. 

The species were distributed on the various hosts as follows: 

On Psevdotsuga taxifolia 7 species 
Tsuga hetsrophyUa 12 “ 


Tsuga mertensiana 1 

Pieea sitchmsis 2 

Acer sp. 1 

Acer macrophyUum 1 

Alma rubra 2 

Rhamnus pvrshiana 1 

Host unknown 3 


The May number of Phytopathology was issued May 11,1928, 





PHYTOPATHOLOGY 

VOLUME XIII NUMBER 7 


JULY, 1923. 

THE BIOLOGICAL BASIS OF FOREIGN PLANT QUARANTINES 
W. A. Orton and E. Kent Beattie^ 

Plant diseaseb and insect pests are often limiting factors in crop pro¬ 
duction and their prevention or control is one of the major problems 
of agriculture. 

In all developed countries the introduction and spread of such pests 
in the past has caused such heavy losses, even to the point of restriction 
or abandonment of important crop industries, and now imposes such 
a heavy amiual tax for sprays, seed treatments, cultural control and 
the substitution of resistant varieties of cultivated plants that the 
people have invoked governmental aid to apply official regulatory meas¬ 
ures which will protect them from additional burdens of this character 
in the future. 

The efforts that are being made along this line may be grouped under 
four heads, according to the prevalence status of the pests involved: 

1. State Infipection and Certification of Plants and Plant Prodtwts. All 
progressive countries maintain inspection services for the general control 
of insects and plant diseases, including those already common, widespread 
or endemic, through supervision of commerce in nursery stock, seeds and 
plant products. 

2. Eradication. To wipe out newly introduced parasites presenting 
an unusual menace to our crop industries. Two outstanding illustrations 
are the hght waged against citrus canker in Florida and that against 
the pink bollworm of cotton in Louisiana and Texas. The eradication 
method has also been applied successfully to outlying “long jump” 
infestations of gypsy moth and other insects. As a rule, it is extra¬ 
ordinarily difficult to eradicate an insect or disease that has gained a 
firm foothold in a region favorable for its maintenance. 

3. Domestic Quarantines. Restriction of new introductions by local 
oi domestic quarantines drawn around an area where a new pest from 
a foreign country has become established. Examples are the quarantine 
against the gypsy and browntail moth in New England, the Japanese 
beetle in New Jersey and Pennsylvania, and potato wart in three states. 

^ Read at the joint meeting of the American Fhytopathologioal Society and American 
Association of Economic Entomologists, Boston, Mass., December 30,1922. 
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In the bame category may be placed the effortb made by various 
states to keep out pests established in other, often distant states. Ari¬ 
zona regulates against cotton pests from the East, alfalfa weevil from 
the North, citius pests from the South, and grape phylloxera from the 
"West. In such ca es a barrier has been erected around the pest-free 
area rather than around the infested area. 

These local or domestic quarantines are temporary expedients, 
whereby the spread of a pest is slowed up or held back at heavy cost 
and much inconvenience, but domestic dispersal is almost unrestrainable 
and, sooner or later, the point is reached where the newly established 
pest acquires the status of other widely distributed parasites, to which 
we have to adjust ourselves forever. 

4. Foreign Quarantines. These seek to exclude the plant pests of 
other countries on the principle that frontier boundaries are the most 
effective fighting lines. It is primarily with this problem that we are 
to deal in this paper. 

We stand in danger of subjecting ourselves to ineffective and hampering 
regulations without adequate gain unless the quarantine procedure is 
based upon a firm scientific foundation of sound biological principles 
derived from properly coordinated facts relating to the nature of the 
parasites to be dealt with, their country of origin and geographic dis¬ 
tribution, their host relations, and the native home of the host, prev¬ 
alence, climatic relations, manner of spread, and other factors. More 
studies of this character need to be made, but enough is known to enable 
some general principles to be established. 

FOREIGN QUARANTINE PROBLEMS DISTINCT 

It is our purpose to emphasize that the application of biological 
principles to plant quarantines must lead to a primary distinction be¬ 
tween the problem of control of spread within a given area, which has 
been termed “continuous spread, and the long distance transfer that 
has been termed “discontinuous spread” by Butler^ in his excellent 
monograph on this subject. 

It was pointed out in 1914^ that we have to deal with an intercontU 
venial problem and that to safeguard the exchange of plants and their 
products between countries situated in different continents more strin¬ 
gent precautions might become necessary. 

^ Butler, £). J. The diasemination of parasitic fungi and Intemational Legislation. 
Memoirs of the Department of Agriculture in India, 9: 1-73, 1917. 

•Orton, W. A. The biological basis of internati<mal phytopathology. Phyto¬ 
pathology, 3: 3^, 333, Feb. 1914. 
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That in establishing plant quarantine policies the problems of re¬ 
stricting parasites from foreign lands must be grouped separately from 
the problems of preventing or delaying dispersal of pests already locally 
established may appear self-evident to some, but that this important 
point is not yet properly acknowledged is shown by the report of the 
last International Phytopathological Convention held in Rome in 1914, 
which makes no distinction between contiguous and non-contiguous 
countries, with respect to the methods to be adopted to prevent the 
spread of plant parasites. The representations made by European 
delegations to the Federal Horticultural Board during the past year 
have likewise ignored this basic principle, and have included proposals 
for intercontinental exchange of plants that we must regard as extremely 
unscientific and dangerous. 

THE BASAL PRINCIPLE OP BIOLOGICAL EQUILIBRIUM 

The plant parasites of one continent or natural plant zone are likely 
to be more virulent and destructive when introduced into another 
continent or plant zone than they are at home, where they are in equili-, 
brium with their hosts and associates. This principle of biological 
equilibrium in Nature is best understood by considering from the view¬ 
point of evolution the results of the complex interactions of organisms, 
the struggle for existence, the influence of animals on plants, of plants 
on animals, and the disturbing effect of man, who seeks to exterminate 
some animals and plants and increases the number of other organic 
elements in the equation, even bringing in foreign organisms to participate 
in the mixup. 

In the course of evolution many marvelous adaptations to environ¬ 
ment arise and many complex interrelations develop. Organisms are 
sheltered by some of their associates and preyed upon by others. They 
become depeiuleut upon certain kinds of food, and increase or diminish 
in numbers with the abundance of this food. 

The type of relations that concerns us is parasitism, wherein one 
organism lives upon and at the expense of another. A classification of 
parasites on the basis of their adaptation to their hosts reveals the 
course of evolution, which has progressed from saprophytism, through 
wound parasites and weakling parasites, toward a stage of closer adapta¬ 
tion between host and parasite till symbiosis is reached, a relation where 
the parasite does little or no injury or even stimulates the host to larger 
growth till the reproduction and dissemination of the parasite is assured. 

There is a tendency for the fungus or bacterium to reduce its toxin 
formation, and on the part of the host to develop a degree of immunity, 
so that a balance is established between the two, with a lessened injury 
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to the host and a more highly perfected mechanism of dispersal for the 
parasite. With insects, the balance is established more often through 
the influence of parasites, predatoiy insects, and birds. 

This equilibrium is djmamic, not static, ever changing, but tending 
to preserve the status quo, and in the establishment of equilibrium the 
time element is important. While the restoration is slowly taking place 
in a new country much economic damage often occurs. 

So it comes that the natural parasites of a region are not highly des¬ 
tructive to the plants of that region, as a general rule, but when one of 
these parasites is transferred to a different plant zone, it may come into 
contact with a new set of organisms and find new hosts that are not 
resistant. 

In considering the problems that arise when a new plant disease or 
insect is discovered to have been introduced, or in estimating the risk 
presented by a foreign parasite, it is well to begin by ascertaining: 

1. The country where the parasite is endemic. 

2. Its native or original host. 

3. The geographic distribution of this host. 

4. Its relationship to other economic plants in our country. 

5. If the host is cultivated here, to what extent and for how long 
it has been subjected to plant breeding that may have resulted in the 
production of distinctively American strains whose resistance to the 
parasite is unknown. 

Various types of disturbance of biological equilibrium by the transfer 
of parasites from one plant zone to another occur amd may be illustrated 
by notable examples. 

I. A parasite iutroduced from one continental zone to another finds 
susceptible hosts. A conspicuous instance where a foreign fungus has 
found an Amerieau host more susceptible than its original host is the 
chestnut bark disease, EndotJiia parasitica, which occurs in Asia on 
Castanea mollis&ima as a relatively minor trouble, but introduced into 
the United States by accident, has attacked our Castanea dentaia most 
virulently and will practically destroy all the chestnut forests of the 
country before it stops. In America this Asiatic parasite has found the 
European chestnut, Castanea vesca, as easy prey as the American and 
if introduced into Europe it may yet repeat there the devastation we 
have witnessed here. Europe has already suffered heavily from intro¬ 
ductions of this type. The wine grape, Vitis mnifera, has been scourged 
in succession by the phylloxera, the downy mildew, Plasmopara vitieola, 
and the black rot, Guignardia hidwellii, to all of which American species 
of Wtis are resistant. 
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European gooseberries are found to be susceptible to the American 
mildew, which is becoming widespread in Europe. We have long known 
that the European varieties were relative failures in the United States 
on account of Ibis mildew, to which American species are resistant. 

The white pine blister rust, CrotiarUiim rihicola, a native of Europe 
on Pinus cemhra and other species is very destructive to Finns strobus 
in the United States, and another American species, Pinvs monticola, 
is several times as susceptible as P. strobus. This had been forecasted 
prior to the actual introduction from the injury done to American white 
pines when planted in Europe. 

The hollyhock, a native of China, met the rust, a South American 
fungus, in Europe and its culture was nearly stopped. The disease 
later spread to North America and repeated its destruction here. 

In this general category belong also numerous cases of insect transfers 
to other zones where, relieved of the enemies that have held them in 
check at home, the invaders have multiplied with great rapidity. The 
cottony eusliion scale, Icerya purchasi, for example, came to California 
from the Orient and was not controlled till its enemy, the Australian 
lady bird Vedalia cardtualis, was brought over and a new biological 
equilibrium established. Similarly the Japanese beetle, Popilia japonica, 
the European corn borer, Pyramtm n ubialis, the gipsy moth, Portheiria 
dispar, the brown tail moth, Euproctis chrysorrhoea, and the alfalfa 
weevil, Hypera postica came to this country without their natural enemies. 
In combating them efforts have frequently been made to discover and 
to introduce artificially their enemies. 

II. A plant, carried from one continental zone to another, is attacked 
by new parasites. The culture of maize in Java and the Philippines 
is well nigh impossible because of the corn mildews, Eclero&pora spontanea, 
S. maydis, S. sacchari, and S. Philippinensis, which are oriental species, 
the latter being native on Saccharum spontaneum and Miscanthus 
japonicus. 

When the common potato in its spread from South America reached 
the Rocky Tvlountains of the north, it was attacked by the Colorado 
beetle, Doryplwra decemlineata, which found the newcomer more palatable 
than the Solanums on which it had been accustomed to feed. 

Of the same type is the situation we are now facing in Arizona, where 
a native weevil, Anthonomus grandis var. Thurberiae, related to the 
cotton boll weevil, has already shown an inclination to move over to 
the cultivated cotton, a relative of its wild host, Thnrberia thespesoides. 
Since the Thurberia weevil is acclimated to the dry southwestern climate 
as the Mexican weevil is not, it would extend the zone of weevil injury 
as far as cotton is grown. 
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As already mentioned, the European gooseberries brought to American 
were attacked by the American mildew and the attempts to establish 
the culture of European grapes in eastern North America were always 
failures on account of phylloxera, black rot, and mildew. 

III. A cultivated plant, transferred from one continent to another 
without its parasites, is later followed })y them. In the interval, now 
varieties have arisen which do not possess the high resistance the species 
originally had. Our American agriculture is based so largely on intro¬ 
duced crops that we liavc had numerous cases of this type in the past 
and there is ground for grave apprehension that still others may be 
brought in. The asparagus rust affords a significant illustration of this 
phase of this biological principle. Asparagus and its rust arc both 
native Europeans and the disease is not highly injurious on that contment, 
hut the crop came to the United States without the disease and from its 
earliest culture until about 1896 was free from rust. During this period 
American varieties were bred and formetl the basis of our industry when 
the rust finally invaded the United State,s. It .soon transpired that 
the Americans strains of asparagus which had been developed in the 
absence of the rust and never before had been in contact with the disea.se 
were very susceptible, and they were soon wiped out. European strains 
were imported and resistant types selected from them. These have now 
replaced the old susceptibles kinds, and an interesting thing ha'' happened. 
Asparagus rust has dwindled and in places almost disappeared; in other 
words, we have restored the natural equilibrium such as exists in Europe. 

IV. Domestic parasites are sometimes limited in their natural geo- 
graphif* distribution by climatic factors. The black rot of grape, which 
requires liigh temperatures for infection, i*. most at home in the central 
eastern states. A New England grape from Vith lahuisca, the Concord, 
is more susceptible in that region than are varieties derived from Vih.s 
ro^undifolia. Pecan scab, Fui>icla(Uum ej^ui>um, is most destructive to 
varieties from the southw'est, .Texas for instance, planted in the more 
humid region of the Atlantic Seaboard. 

The vast areas planted to one crop in the United States make for a 
disturbed equilibrium and afford favorable conditions for the rapid 
spread of parasites. 

The transfer of plant parasites from continent to continent ivas 
extremely slow in the early days when the means of communication 
were scanty and the voyages long, but notable instances have multiplied 
in proportion as the volume of traffic has increased. World trade is 
certain to be in a still larger scale in the future, with proportional risk 
of spreading pests unless scientific control measures are rigidly enforced. 
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natural barriers against plant pests 

What are the plant zones within which organit. life is in a state of 
equilibrium? Clearly they are in the main coydinental. The extent to 
which mountains and deserts restrict the spread of parasites has never 
been adequately studied but such cases are known. Here is a field to 
be highly commended to investigators. 

It will be clear that the plant relations of two contiguous countries 
without a natural barrier are different from those of two countries 
separated by an ocean barrier. In the first instance the endemic para¬ 
sites are the same and respect no political boundaries. The plants and 
parasites of the United States have reached their ultimate distribution 
except as new introductions are still spreading. For the countries of 
Europe the Rome ('onveution may be useful. A similar plan of certi¬ 
fication is in effect between our states but it will not cover the relation 
between North America and Europe, and still less between North America 
and Asia. 

Since plant parasites are in dynamic equililirium with their natural 
hosts, with a tendency toward reduced injury, it follows that it is now 
impossible and that it never will be possible to foretell from the behavior 
of the disease or insect in its native home what it may do when transferred 
to another continent. Experience has shown that in many cases we 
may expect it to go over to a near related host and attack this plant 
with great virulence. 

It is important to study in Europe and Asia the diseases of American 
plants that have been introduced there. For example, we knew in 
advance that the European lilister rust was especially destructive to 
American white pine, because that tree had been much planted in Europe 
and had failed there because of the rust. 

The effect of the canker due to Phomopslt, pseudotsugae recently 
reported from Scotland* upon the American species of Pseudotsuga, 
Larix, Tsuga, and Abies, now' growing there deserves careful study in 
the light of the importance of our western Douglas fir forests. 

Most of our cultivated plants are native to other continents, but 
crop plants are subject to rapid change by breeding and the resistant 
character previously attained abroad may be dropped or diminished 
unawares. Since our present day varieties are of American origin, bred 
for adaptation to our climate and soil, it is to be expected that as addi¬ 
tional parasites accid('ntally become established they will be more 
destructive to our American bred varieties than they are to the parent 

* Wilsun, Malcolm. A new species of Phomopais parasitic on the Douglas fir. Trans. 
Bot. Soc. Edinburgh, 28: 48-^0. 192Q. 
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species in the original habitat. The need for strict exclusion is therefore 
so much the greater. 


CROP INTRODUCTION 

To promote the agriculture and horticulture of a new country, it 
is desirable to introduce the crop plants of other lands. It is possible, 
and highly desirable, to accomplish this without bringing along their 
parasites. For example, we have the Australian eucalyptus on the 
Pacific Coast with very few pests, whereas in its native country it has a 
good many parasites. This is probably due to the fact that our intro¬ 
ductions have been by seed rather than by plants. Unfortunately, this 
freedom from pests can be said of few of our great staple crops. Many 
diseases of wheat, potatoes, apples, peaehe.s, etc. trace back to the 
original habitat of these crops. What lo.sses beyond the possibility of 
estimation might have been saved if national barriers against plant 
pests had been erected at the start. However, by no means all of the 
crop pests of other lands have been imported, and we have still many 
new plants to bring in. It is to be hoped their enemies may be left 
behind. 

At this point we may expect to hear from the man who proposes that 
it would be better to let all the foreign parasites in and strike a balance 
with them, developing control method once for all. 

Unthinkable! Count the cost of a few more scourges like the chestnut 
bark disease. Could our corn growers combat the Philippine downy* 
mildew? In his description of the ravages of this disease in the Philip¬ 
pines, Weston describes fields where practically every plant was destroyed 
and he believes that climatic conditions in our corn belt would favor the 
mildew. It is difficult enough to establish the culture of a new crop 
in the absence of its serious pests. It wmuld become impossible if all 
the enemies were brought in. 

Moreover, a biological equilibrium would never get established, for 
the succession of possible pests from all the ends of the earth is endless. 
There would always be more to come. We would not learn to cope with 
one enemy before another would be upon us. 

Control of pests is not an attempt to overcome nature’s laws. The 
movement of cultivated plants into new regions is a reassembling of 
environmental forces (geological, climatic, biological, anthropological) 
to permit production of material useful to man. The economic plant 
product is the resultant of these forces. The importation of plants 
without the importation of pests is merely a reassembling of these 
forces in a different and Just as natural a manner as the importation 
without regard to the transfer of pests. 
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WHAT ABE THE FACTORS GOVERNING THE SPREAD OP PLANT PARASITES? 

Theorists might stress wind carriage. Volcanic dust has been borne 
thousands of miles through the air. Why not fungus spores? 

But no case of long distance transfer of plant disease by wind has 
been demonstrated, and the facts of geographic distribution show that 
diseases frequently have failed to spread even short distances until 
carried by man. There is a place in the District of Columbia where 
for twenty years apples and red cedars have been growing in close prox¬ 
imity without a trace of cedar rust, though ten miles away this fungus 
is a scourge to both hosts. Butler, after an extensive review of the 
evidence, concludes, that ‘‘infection by spores carried through the air 
from remote centers i.s not a contingency which needs to be seriously 
I taken into account. ” 

Ballast brought to our shores in the holds of vessels from foreign ports 
is a bugaboo to the theorists, but no case of disease importation has 
been traced definitely to it. The practice should be regulated and ballast 
of live or agricultural soil prohibited. Earth balls on the roots of im¬ 
ported plants stand in a very different relation and are much more 
dangerous, as they are the resort of many insects and may contain 
harmful fungi or nematodes. 

Spores have been found on birds, and birds fly long distances. Clearly 
they might spread infection, but the facts of distribution already re¬ 
ferred to and studied, of the spread of great plant epidemics, indicate 
that spread is mainly by continuous dispersal, or in long jumps through 
human agencies. 

PLANT DISEASES SPREAD BY MAN 

The most frequent agent in 'plant pest dissemination is man, and the 
outstanding and altogether most important medium of transfer is living 
plants or parts of plants for propagation. Trees, roots, bulbs, and seeds, 
taken in a living condition from their place of origin, with parasites 
attached, are carried to a new location, set out, and brought into growth. 
The careful moist packing and cultural precautions taken to preserve 
their vitality likewise insure the perpetuation of the parasite. 

Insufficient consideration has been given to dispersal on seed through 
external or internal infection, which has carried many plant parasites 
over the world. War needs brought a shipload of castor beans from 
India to Florida, and with it a Botrytis blight that made the culture 
of this crop impossible. Investigation proved that the parasite was 
seed-borne. 

Practically all of the pest transfers of which we have accurate record 
have taken place in this way. In the nursery a large number of related 
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species of plants are brought together in such a way as to favor continu¬ 
ous spread. If these plants become infected the discontinuous spread 
of the disease may occur when the nursery stock is shipped to distant 
parts oi the world. Thus in the majority of cases the nursery is the 
principal center of distribution. 

We must lay it down as an unchangeable law of nature that inter¬ 
continental. trade in -plant propagating material is fundamentally dangerous, 
and to be held within the narrowest limits compatible with economic 
need. 

In h\iman diseases the same principles apply. The living carrier is 
a greater risk than air-borne infection. The practices of the most 
progres.sive public health authorities show an increasing recognition 
of this principle. 


INSPECTION INADEQUATE 

Experience has shown that by an inspection of plants in nurseries, 
or better in the packing house, a worth while safe-guard is provided for 
shipments to contiguous .states in the same biological zone.s, since the 
number of parasites is greatly lessened, but the moat rigid inspection 
can not detect all the insects, as shown by the frequent findings of 
brown-tail moth nests in certified nursery stock upon its arrival in 
America from North Europe. How much less likely are the inspectors 
to discover the presence of fungous and bacterial diseases, due to organisms 
of minute size and often embedded in the tissue of the host plant, as in 
the case of white pine blister rust, where an internal infection of seedlings 
shipped to America from Europe has been detected two or three years 
lalor. 

There are three biological factors which operate to make inspection 
inadequate for intercontinental shipments. 

1. Human powers of observation are not keen enough to detect 
100 per cent of vi.sible infection. 

2. Some parasites are internal, without outward manifestation. 

3. Organisms common and of minor consequence in one biological 
zone may become destructive parasites in airother biological zone. 

The tendency of inspection officials has been to overlook “ common 
species of long standing dispersion, ” to quote the language of the Rome 
Convention, which in addition omits from consideration “enemies of 
plants whose ordinary supports do not exist in the importing countries,” 
and those which do not present: 

1. An epidemic character. 

2. A destructive or at least very harmful action on cultivated plants. 

3. An easy propagation by living plants or parts of living plants. 
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These consideratious are logical only when applied to contiguous 
countries. To other continents the only effective protection is the 
nearest approach to absolute exclusion of living plants that economic 
needs permit. Importations for propagation of new or rare varieties 
should be under governmental supervision, and if the origin is in un¬ 
surveyed countries they should be grown for a period in a quarantine 
or detention station, and in any case should be given the most effective 
treatment possible. 

TREATMENT METHODS INADEQUATE 

Fumigation of plants is a safeguard, but not a complete protection. 
It has not reached scale insects in tightly wrapped leaves or buds, as 
in the date palm, nor egg stages of the cane leafhopper, nor insects in 
moist earth or in packing material around plants. Fumigation has 
also failed completely to kill the larvae of the twig borer, Lat^peyresia 
inolesta, in peach twigs and those of the corn borer, Pyrausta nuMlalis^ 
hidden in the stalks of bales of broom corn. 

No method has been devised to disinfect seeds or plants that can be 
depended upon to reach all fungi and bacteria present, though such 
treatments are of value in particular cases. 

WHAT THEN OP PLANT PRODUCTS FOR FOOD OB MANUFACTURE? 

This is an important question, because such commoditites form a 
large part of our trade, both export, import, and domestic, and extensive 
restriction might prove more harmful than helpful. 

Here again, proof is lacking, except in a few instances, that plant 
pests are actually disseminated, and these cases arc mostly those where 
the commercial product is a seed, tuber, or part capable of propagation. 
Cotton seeds are dangerous carriers of pink bollworni. Potatoes intro¬ 
duce disease to the extent that table stock is used for planting. Tuber 
parasites are transported with particular cose. Apple fruit has not 
spread San Jose scale. This scale has not become established in northern 
Europe, although often present on fruit imiiorted from Australia. Pear 
fruit does not expose the importing country to a risk of pear blight. 
Fruit flies, however, arc carried in commercial fruit and may escape 
therefrom and are therefore subject to discontinuous spread. Each 
case is a problem for research and separate consideration. 

It highly behooves those interested in building up an intercontinental 
trade in plant products to take measures to provide a safe foundation 
for such enterprises, to insure that the importation of a fruit or vegetable 
or other plant product will not later become a means of exposing North 
American crops to injury from a new disease or insect. 
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This foresight can be exercised through scientific research in the 
country of production, in tropical America, for example, to keep out 
pests or to keep them down, or to develop methods of culture and packing 
that will make it impossible for pests to be spread. 

SUMiLA.RY 

Plant quarantine policies and methods must be founded on nature’s 
laws governing the dispersal of parasites. 

The problems of discontinuous spread between countries separated 
by ocean or other natural barriers are therefore different from those 
of continuous spread in adjacent countries. 

The pests of other continents are fundamentally the most dangerous. 
Seldom can they be known in advance or completely eliminated by 
inspection. Consequently intercontinental trade in living plants will 
always be attended by such grave risks that it should be held within 
the narrowest limits compatible with economic needs. 

Federal Horticultural Board, 

Washington, D. C. 



BACTERIAL SPOT OF TOMATO AND PEPPERS 
Max W. Gardnbb and Jaaies B. Kendrick* 

With Plate XIV and One Fiqebb in the Text 

At the time of our previous reports (3, 4) on bacterial spot of tomato, 
the identity of the causal organism of pepper bacterial spot was only 
partially established and the final report of Miss Doidge on tomato 
canker in South Africa was nol accessible. It is our present purpose 
to clear up the uncertainty relative to the identity and taxonomy of 
the causal organism and to record the results of our further study of 
the disease in Indiana. 

HISTORY OF THE DISEASE 

The earlier literature was summarized in our previous report (3) in 
which we described the tomato organism, recorded successful recip¬ 
rocal cross inoculations with the causal bacteria of the tomato and pepper 
diseases, and indicated that the organisms were probably identical. A 
few months before our account was published, Miss Doidge at Pretoria, 
Transvaal, published a preliminary (1) and a detailed (2) description of 
a bacterial tomato canker occurring in that region which has proved 
to be identical with the disease studied in Indiana. 

The bacterial spot of pepper described by Sherbakoff (7) in Florida 
was observed at Sanford, Plorida, by I. C. dagger in 1920 and 1921 and 
was reported from Tennessee by Sherbakoff in 1921. Takimoto (8) 
has reported a seed borne bacterial spot disease of peppers in Korea 
but he isolate<l a white bacillus entirely different from the yellow mono- 
flagellatc form which causes (he disease under consideration. Recently 
the disease has been studied and described in detail by Higgins (6) in 
Georgia. It occurred near Indianapolis in the fall of 1922 in a crop of 
peppers grown under overhead irrigation. 

In brief it may be said that the disease as it occurs on both hosts is 
favored by wet weather, that leaf infection occurs through the stomata, 
that the bacteria are intercellular and the host cells are stimulated toward 
hyperplasia, particularly in fruit lesions, and that the bacteria are carried 
on the seed and consequently the disease may be controlled by seed 
disinfection. 

* Contribution from the Botanical Department, Purdue University Agricultural Ex¬ 
periment Station, LaPayotte, Ind. 

* The writers wish to acknowledge their indebtedness to Prof. H. 6. Jackson for help¬ 
ful suggestions. 
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IDENTITY OF THE (AUSAL ORGANISM 

IMi&b Doidge dehcribed the causal organism as Baden inn ve,sicatonum 
n. sp. in her final publication (2) which appeared in February, 1921. 
We did not have access to this before the publication of our description 
of the organism as Bacttriinn exitwsum n. sp. in April, 1921 (3). Higgins 
(6) did not decide upon the nomenclature of the pepper organism. A 
comparison of the three descriptions shows that all agree that the organ¬ 
ism is a monoflagellate, aerobic rod which forms yellow colonies, liquefies 
gelatin, and produces no gas from carbohydrates. In fact there are only 
a few reall3' important differences, such as the toleration of acidity and 
the production of acid from certain carbohydrates. 

In order to establish the identity of the organism, a culture (B) of 
Badenum ve&icatonum obtained from JVIiss Doidge in Julj^ 1921, and 
a culture (C) of the pepper bacterial spot organism isolated from leaf 
lesions at Sanford, Florida, on April 21, 1921, by Dr. I. C. dagger were 
compared in a series of tests with a culture (A) of our tomato organism. 
The three strains were found to be essentially similar in appearance 
and behavior. C^ultures on beef agar, potato agar, potato cylinders, 
and gelatin were similar. In milk with litmus or methylene blue the 
color was destroyed and the milk was digested without coagulation. 
All liquefied plain blood serum and Loeffler’s blood serum, although 
the pepper strain (C) failed to produce the brown discoloration noted 
in the A and B cultures. 

All tolerated 3 per cent sodium chloride in neutral beef broth and 
were inhibited by 4 per cent. The tolerance of acidity was determined 
by growth in beef broth cultures in which the amount of acid (Fuller’s 
scale) was determined by titration with NaOH with phcnolphthalein 
as an indicator and the hydrogen ion concentration was determined by 
titration with the sulphonc phthalcin indicators brom phenol blue, 
methyl red, brom oresol purple, brom thymol blue, and phenol red. 

In terms of Fuller’s scale, all strains tolerated HC’l up to -H 12 and 
culture C (pepper) endured 4- 15. All tolerated HCl up to pH 5. 0 and 
were inhibited by a pH of 4.8. All tolerated malic acid up to pH 6.0 
but were inhibited by a pH of 4.5. All were inhibited by a pH of 4.8 
obtained by adding acetic or citric acid. The throe strains grew in 
broth rendered as alkaline as —25 with NaOH and grew in broth to 
which NH 4 OH was added until a pH of 8.8 was shown with cresol red. 

The principal differences in the published descriptions related to the 
production of acid from carbon compounds. The three strains were 
grown in test tubes containing 2 per cent solutions of dextrose, saccharose, 
maltose, lactose, glycerin, and maimit made up in a 2 per cent peptone 
solution and adjusted to a pH of about 7.0. One series contained the 
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indicator brom crcbol purple, oue, brom thymol blue, and the third, 
phenol red. The three strains behaved similarly and in no case was 
there any evidence of acid production. There was a marked increase 
of alkaliniiy in the mannit and glycerin cultures while the others re¬ 
mained neutral or became slightly more alkaline. 

On litmus beef extraci agar slants containing 2 per cent dextrose, 
saccharose, or lactose, all cultures wei-e similar and no acid production 
was indicated. In cultures on beef extract agar slants containing the 
three carbohydrates and the hydrogen ion indicators, there was no 
evidence of acid production and increased alkalinity was indicated 
by the red color of the phenol red series, especially in the lactose cultures. 

Both Miss Doidge and Higgins found ammonia produced by the 
organism and to this, Higgins ascribes the failure to detect acid pro¬ 
duction in the standard media. By reducing the protein content and 
increasing the sugar content of the media he was able to demonstrate 
acid production from dextrose, saccharose, and lactose. 

However, uuder the conditions of our tests the three strains were 
practically identical. Furthermore all proved infectious to tomato 
and with the tomato strain (A) successful inoculation of pepper leaves 
and fruit rvas obtained. Therefore it seems safe to conclude that the 
causal organism of tomato bacterial spot described in Indiana, of tomato 
canker described by Miss Doidge, and of the bacterial spot of pepper 
are identical and by priority rules should be known as Bacterium vesi- 
catorium Doidge. 

temperature relations 

Miss Doidge (2) found that the organism grew throughout a wide 
range of temperatures with an optimum near 30® C. and the writers 
(3) found likewise except that the optirbum lay between 25® and 30® C. 

A loopful of a suspension of the tomato organism (A) was placed in the 
center of each of a series of 16 poured plates of plain potato agar and 
after three days incubation at room temperature, the colonies were 
measured. Two plates were then placed in damp chambers in each 
of a series of eight constant temperature incubators providing a range 
of temperatures from 2° to 35® C. At the end of 15 days the long and 
short diameters of the colonies were measured and the mean increase 
in diameter at 2® was 6.6 mm., at 9®, 8.6 mm., at 16®, 17 mm., at 20®, 
18.5 mm., at 23®, 26 mm., at 27®, 31.6 mm., at 30°, 12.6 mm., and at 
36°, 10 mm. These results show that the organism grows in a wide 
range of temperatures with an optimum at 27® C. as is shown graphically 
in figure 1. 

The thermal deathpoint of the pepper organism (G) was found to 
be 49° C., very near to that previously reported for the tomato organism 
(49®-50° C.). 
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EFFECT OF FREEZING 

In order to determine the effect of freezing, water suspensions of the 
tomato organism (A) were made up in five small flasks and frozen by- 
embedding in crushed ice and salt in a container which was stored in a 
refrigerator. The temperature of the ice-salt mixture was —10® to 
—12® C. The number of bacteria per cubic centimeter in each flask was 
estimated by the poured plate method before freezing and at different in¬ 
tervals certain of the flasks were thawed and plate counts were made. 
Plask 1 was refrozen once, flask 4, twice, and flask 5, four times. While 
the counts based on the plates are considered only as approximations, 
the results are presented in table 1. The percentage of viable organisms 
in terms of the original suspension is included. 



These results show that the mortality increases with the duration 
of the freezing and with the alternate freezing and thawing. Two to 
23 hours of freezing killed 26 to 37 per cent of the organisms, 40 hours, 
88 per cent, and 65 hours, 93 per cent. Refreezing 12 hours killed 90 
per cent of the organisms remaining alive in flask 1 after the firs! two hours 
^ of freezing, and refreezing six hours killed 56 per cent of the organisms 
alive in flask 4 after the first 40 hours of freezing. Freezing for eighteen 
days (flask 5) during which thawing and refreezing occurred four times 
was sufficient to kill all of the organisms. 

It is necessary to admit however that the organism is rather resistant 
to freezing in water. This is further substantiated by the fact, dis¬ 
cussed later, that the organism survived a winter in the field. 

HOST RANGE 

In our previous report (3) this organism was reported parasitic upon 
tomato, pepper, and potato. Miss Poidge (2) was unable to infect 
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TABLE I— Effect of freezing in water suspension. 
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lemon seedlings, cotton seedlings, young walnut trees, cabbage, bean, 
and tobacco seedlings, sweet peas, and Solanum incanum. She obtained 
infection of Solanum nigrum, Physalis minima, &nd Datura stramonium, 
var. tatula. Higgins (6) reports infection in Pimento, Tabasco, Chili, 
and bell peppers. 

Atomizer inoculation under greenhouse conditions with the tomato 
organism (A) has yielded only negative results with turnip, cabbage, 
eggplant, tobacco, Datura stramonium L., Solatium caroUnense L., S. 
integrifolium Poir., and S. opacum A. Br. and Bouch6. Infection occurred 
on Lycopersicum pimpinnellifolinm Dunal (currant tomato), Lycium 
halimifolium Mill, (matrimony vine), Lycium chinense Mill., Hyoscyamus 
iiiger L. (henbane), Hyoscyamus aureus L., Nicotiana rustica L. (wild 
tobacco), Solanum dulcamara L. (bittersweet), and under field conditions 
on Solanum rostratwn Dunal (buffalo bur). 

Abundant infection of tomatoes with the pepper organism (C) was 
obtained in the field as was also abundant infection of peppers, including 
fruit lesions, with the tomato strain (A). In the greenhouse successful 
inoculation of Hyoscyamus niger, Hyoscyamus aureus, and Nicotiana 
rustica was obtained with the pepper strain (C). 

With the tomato strain (A) atomizer field inoculations in August, 1921, 
resulted in infection on 32 seedsmen’s tomato varieties not included 
in our previous list of 41 susceptible varieties and fruit infection occurred 
in all but four. The Yellow Cherry was found susceptible. No resistant 
varieties were found. 
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FRUIT INFECTION 

JMisfa Doidge (2) &uccebsfully inoculated unAvounded as AA*ell a& wounded 
tomato fruits and secured typical scabby lesions AA-hen young unwounded 
fruits AA’ere inoculated. In our earlier tests no success attended inocula¬ 
tion of unwounded fruits AA'hile infection occurred readily through needle 
puncture Avounds on gi-een fmits but did not result in typical scabby 
lesions. Higgins (6) reports difficulty in infecting pepper fmits and 
suggests that there is only a short period early in the development of 
the fmit when it is susceptible, probably Avhile lenticels are forming. 
He did not obtain typical scabby lesions from needle puncture inocula¬ 
tions. There is abundant evidence that only young fmits are susceptible. 

In our preAdous account (4) fmit infection through the fmit punctures 
of stink-bugs and tarnished plant bugs was reported and an opinion was 
expressed that fruit infection very likely occurs through wounds because 
of the lack of stomata on tomatoes. The fruit lesions thus obtained 
were not typical however. 

In order to determine the conditions permitting fruit infection and 
if possible the nature of the Avhite bird’s eye spot of tomatoes (PI. XIV, A, 
B), two tj'pes of insect-proof cages were used in 1921, one of gauze 
covering the entire plant and the other of celluloid covering a single 
cluster of fmits. Each cage of the latter type Avas replaced by a paper 
bag a few' days after it w’as used. 

One to five stink-bugs were caged over each of six clusters of small 
fmits on July 26 and over each of four clusters on August 4. No in¬ 
oculum w'as introduced and upon a total of 23 fruits no bacterial spot 
nor bird’s eye spot developed. Typical stink-bug wounds characterized 
by a slightly sunken, circular, whitish zone or blotch usually with a 
black point at the center AA'ere abundant on all of the fruits (PL XIV, G ). 
Such injuries did not occur on fmits protected from stink-bugs. This 
type of injury is of common occurrence on tomatoes. 

In a parallel series of tests one to eight stink-bugs Averc caged over 
each of six clusters of small fmits on July 27 and four clusters on Aug. 
4 after the fruits had been atomized with a suspension of the bacteria 
(A). None of these fmits Avere over four centimetei’s in diameter. 
On Aug. 16, 24 of the 26 fmits showed bacterial spot. There were two 
types of lesions, one the more typical, small, elevated type (PL XIV, D) 
which develops into a scab, and the other a sunken area of blackened 
tissue (PL XIV, F) about a stink-bug punctures. A section throu"^ one 
of the latter type of lesion is shown in plate XIV, figm'e E. One bird’s 
eye lesion also developed. 
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lu a third series of tests a iiamber of fmits of various sizes were 
atomized with a suspension of the bacteria and were caged to exclude 
all insects. Three fruits between one and 2.5 centimeters in diameter 
atomized on July 28 showed bacterial spot infection on Aug. 4, which 
developed into typical scabbj'^ lesions. Eight fruits between 0.6 and 
2.5 centiinetera in diameter, in three clusters, were atomized on Aug. 
4 and by Aug. 16 all showed numerous typical lesions of the elevated 
type and four showed a few bird’s eye spots. A number of fruits varjdng 
in diameter from 0.6 to 7.5 centimeters on a plant under a large cage 
were atomized on Aug. 12. Two weeks later typical lesions, in some 
cases in large numbers, developed on 15 of the 38 fruits atomized and 
only on fruits that were not more than 2.5 centimetei*s in diameter when 
inoculated, of which there were only 17. Therefore 15 out of 17, or 88 
per cent, of the fruits atomized when not more than 2.5 centimeters in 
diameter developed the disease. No lesions developed on six uninoculated 
fruits held as checks. 

Among seven clusters of fruit caged without insects and without 
inoculation, none developed bacterial spot nor bird’s eye spot. 

These results show that bacterial spot infection may occur through 
stink-bug punctures but that typical scabby lesions result from direct 
infection of very small fruits (diameter less than four centimeters) 
without insect punctures. The nature of bird's eye spot is not yet proved 
but it may be a form of bacterial spot. 

Since no stomata have been noted on young fruits, the portal of 
infection is unknown. Evidence of infection through epidermal rifts 
about the stem end of the fruit has been noted (PI. XIV, C). Young fruits 
are thickly covered witli club-shaped glandular hairs and long trichomes 
and as the fruit enlarges these become fewer and more scattered. On 
old fruits most of these appendages have disappeared leaving only their 
broken bases. It seems entirely possible that the bacteria may enter 
through the wounds caused by the breaking off of these delicate epidermal 
appendages. Groth (5, p. 6) has described minute cuticular cracks in 
the epidermis through which it also seems possible that the bacteria 
might enter. 

OVERWINTERING 

In our previous accounts (3, 4), proof was presented that the organism 
overwinters on the seed. In fact the organism was found alive on 
commercial seed 16 months old and had survived 11 months of desicca¬ 
tion on tomato seed in the laboratory. Subsequent cultural tests have 
shown some of the organisms to be aUve on this seed after 16}^ months 
but none after 35 months. 
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Evidence of overwintering in the field has been obtained. In 1921 
a number of volunteer tomato plants came up in a corn field at LaFayette, 
which had been in tomatoes in 1920. No tomatoes were planted any¬ 
where near this field in 1921. On July 27, 186 of the volunteer tomato 
plants w'ere examined and tw'O showed bacterial spot infection. Since 
the disease had been present in this field the year before, this seems 
to be clear-cut evidence of overwintering of the organism in the soil 
or in remnants of diseased plants. Consequently, as Miss Doidge (2) 
has suggested, crop rotation is advisable. 

TOMATO SEED DISINFECTION 

P 

Seed disinfection in mercuric chloride, 1 to 3,000, for five minutes 
followed by rinsing has been found effective and practicable as a control 
measure. For the 1921 crop in Indiana, 1500 pounds of seed were thus 
treated and, so far as it was possible to determine, there was very little 
of the disease in the crop, although an absolute control was not obtained. 
On the other hand the disease was found very prevalent as early as 
July 13 in certain fields in which the plants were grown from untreated 
seed. Observations in a canning factory in 1922 on the crop grown from 
treated seed showed that bacterial spot occurred only very rarely. 

SUMMARY 

The causal organism of bacterial spot of tomato and pepper should 
be known as Bacterium uemcatorium Doidge. 

The optimum temperature for colony growth is near 27® C. 

The bacteria endure short periods of freezing in water but are rapidly 
killed by several days exposure and by alternate thawing and freezing. 

The hosts include tomato (73 varieties), pepper (4 types), potato 
(leaves), currant tomato. Solarium nigrum, S, dulcamara, S, rostratum, 
Datura tatula, Physalis minima, Lycium chinense, L. haliniifolium, 
Hyoscyamus aureus, H. niger, and Nicotiana rustica. 

Fruit infection of tomato may occur through stink-bug punctures 
but the resultant lesions are not typical. 

Typical fruit lesions result from direct infection of very small uninjured 
fruit. 

The organism survived a winter in the field and survived 16 months 
desiccation on tomato seed. 

Tomato seed disinfection has proved effective and practicable as a 
control measure. 
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DESCRIPTION OP PLATE XIV 

Bacterial Spot of Tomato —A. and B. Birds-eye spot of tomato. Cause not proved. 
Possibly a form of bacterial spot. C. Bacterial spot lesions about stem end of a 
tomato possibly resulting from infection of small rifts in the cuticle. D. Early stage 
of bacterial spot. elevated lesions not resulting from infection of insect pimc- 

tures. E. Section tluough a stink-bug wound infected with bacterial spot. F. Bac¬ 
terial spot lesions resulting from infection of stink-bug wounds. G. Stink-bug injiuy 
on tomato fruit, not infected. Circular whitiBh blotches often with a black point 
at the center. 



THE GAMMA STRAIN OF COLLETOTRICHUM LINDEMU- 
THIANUM (SACC. ET MAGN.) B. ET C. 

Walter H. Burkholder 

In 1919 Dr. M. F. Barrus (2) listed over 300 varieties of beans {Phaseo- 
lus vulgaris L.) and related species, and gave their variation in sus¬ 
ceptibility to CoUetotn’chum lindemuihianum (Sacc. et Magn.) B. et C., 
the fungus causing the anthracnose of this plant. In conducting these 
inoculation experiments, Barrus gathered together a number of cultures 
of the pathogene from various sources. These cultures he was able to 
separate into two groups according to the susceptiblity or resistance of 
certain varieties of beans to them. Two biological strains, therefore, 
were considered to exist in the species C. lindemuthianum. These were 
designated as alpha and beta. Further isolations of the pathogene 
made by the writer while working at the Perry Bean Laboratory^ revealed 
no other forms. Thus, while it was thought that other strains of this 
fungus might exist, they were considered rare, and at least in New York 
State, to be of no importance. 

The great majority of the varieties of beans tested by Barrus were 
susceptible to one or the other of the strains, and many were susceptible 
to both. A few varieties, however, were resistant to the two strains. 
Of this latter group the two most important varieties were the WelTs 
Red Kidney and the White Imperial. 

The WelPs Red Kidney which was brought to the attention of Plant 
Pathologist by Barrus (1) is immune to strain alpha and highly resistant 
to strain beta. Since its introduction, it has been grown extensively 
in New York, and also outside the State. During this time no authentic 
case has been investigated in which this variety has succumbed to the 
anthracnose. This appeared to be further evidence of the scarcity of 
other strains of the pathogene. The White Imperial, the other variety 
of beans mentioned as resistant to both strains of the anthracnose 
fungus is resistant to alpha and practically immune to beta. Neverthe¬ 
less it is not being grown to as great an extent in New York State as 
the Wells* Red Kidney on account of its lateness which frequently causes 
it to be prematurely killed by early frosts. Until 1921 this bean like¬ 
wise continued resistant to the anthracnose as far as inoculation experi¬ 
ments with alpha and beta were concerned, and as far as observations 

^ A laboratory established in 1917 at Perry, New York, for the New York State 
Bean Investigation, and continued until 1920. 
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in the field had gone. In that year Barrus (3) writing in regard to the 
White Imperial states ‘'recently, however, (in 1921) a field of beans 
said to be White Imperial, the pods of which were severely affected 
with anthracnose, was observed. It seems not unlikely that strains of 
the pathogene exist which are capable of infecting even these varieties. 
No further investigation was made by Barrus of this case, but the address 
of the grower of the field of White Imperial beans was given to the 
writer. A quantity of seed was obtained from this field, and in type, 
it was without doubt a White Imperial. Examination also showed small 
spots on some of the seeds which appeared to be due to the anthracnose. 

During the latter part of January, 1922, petri dish plantings were 
made from these lesions and a fungus was isolated that proved to be C. 
lindemutManum. Preliminary inoculation experiments were immediately 
conducted with this fungus to determine its identity. To obtain spores 
for these experiments the fungus was grown on bean plugs where it 
produced great masses of pink spores.^ Four well-known commercial 
varieties of beaus were used. They were the Wells’ Red Kidney, the 
White Imperial, the White Marrow and the Michigan Robust pea bean. 
These were selected with the purpose of determining whether the recently 
isolated fungus was either alpha or beta. It was known that the first 
two varieties were resistant to both strains of the pathogene, the third 
variety was resistant to alpha, and the fourth to beta. Of these four 
varieties only the Michigan Robust proved resistant to the fungus 
under consideration, so that no definite clue was given to its identity. 
The Wells’ Red Kidney which hitherto had remained resistant to all 
inoculations of C. llndemuthianwn was especially susceptible to this 
fungus. Young seedlings not only showed lesions due to the disease, 
but were killed within a few days after the symptoms began to appear. 

Inasmuch as the Michigan Robust was resistant to the new strain 
and also to beta, there was the possibility that we were dealing with 
a vigorous strain of the latter. During the summer of 1919, however, 
a very virulent strain of beta was isolated from a pod of a Nova Hcotia 
Mairow^ and tested on 35 varieties of beans. The White Imperial and 

^ This appears to be the visual ca^ with the anthracnose fungus when recently isolated. 
When grown in culture for a considerable period, a year or even less, the fungus loses this 
power of fructification to a great extent. Re-isolation, however, will restore this ability 
and is the only satisfactory method found by the writer for this purpose, although 
various methods have been proposed by other investigators. This loss of virulence 
in the pathogene probably varies with the strains since more trouble has been experi¬ 
enced in keeping alpha in a good sporulating condition than with beta. 

* A type of White Marrow grown in Nova Scotia, and brought to the attention of 
the writer by Mr. G. E, Sandera Under field conditions in New York State it is more 
or less resistant to the anthracnose. 



318 


Phytopathology 


[VoL. 13 


Wells ’ Red Kidney remained very resistant to the Nova Scotia strain 
although varieties susceptible to beta succumbed very rapidly. 

To determine further, whether or not the fungus isolated from the 
White Imperial was a new strain of C. hndmuihianum, more than sixty 
varieties of beans were obtained for inoculation experiments. These 
experiments were conducted during the spring and summer of 1922 in 
the following manner. The varieties to be tested were planted in flats 
in the greenhouse in rows of 25 to 30 individuals. Inoculations were 
made as soon as possible after germination by spraying the plants with 
a water suspension of conidia The flats were then placed in an inclosed 
chamber, the temperature of which was approximately 18° O. After 
two days in this chamber the plants were removed and placed in 
a greenhouse with a temperature of 26° C., or above. Here, at the end 
of five days or more lesion began to appear. Lauritizen (5) has found 
that with the anthracnose of the bean very little infection occurs at 
27° C., but there is a rapid increase with the lowering of the temperature; 
excellent infection being obtained as low as 17° C. But the writer is 
of the opinion that infection having once taken place, the pathogene 
advances in the tiasues more rapidly at higher temperatures. The 
incubation period is shortened, and the lesions, loo, develop to a greater 
extent. 

In all sets of inoculation experiments certain varieties of beans showed 
excellent infection. The results of these experiments are to be found 
in table 1. Here, in describing the degree of susceptibility of the varieties 
of beans to this strain of the pathogene the terminology of Barrus (2) 
is follow’ed. In his article, these various terms are illustrated with 
photographs. If table 1 is compared with Barrus’s work, it will be seen 
that the pathogene isolated from the White Imperial agrees very closely 
with the beta strain of C. Undemuthianum. It differs mainly in four 
varieties. With the Wells’ Red Kidney and White Imperial this dif¬ 
ference is very pronounced. With the Arlington Red Cranberry and 
the White Sickle it is less striking, but still evident. 

Since the recently isolated strain was so similar in its behavior to 
beta, further inoculation experiments were desirable before deciding 
whether or not it was a new strain. There was also the possibility that 
the seed of the Well’s Red Kidney and the White Imperial used in 
the above experiments varied from the original stock, and for that 
reason were susceptible. Therefore, 26 strains of the Wells’ Red Kidney, 
4 strains of the White Imperial, 12 strains of the Yellow Eye, and one 
each of the Arlington Red Cranberry and the White Sickle were collected. 
All strains of the Wells’ Red Kidney and the Yellow Bye. and two of the 
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TABLE 1 —luorulatimi experiments with the strain of Colletotridium lindetnuikianum 

isolated from the White Imperial bean. 

Variety Infection 

1 Arlington Red Cranberry. good 

2 Best of All. fair 

3 Black Valentine. fair 

4 Black Valentine. fair 

6 Canadian Wonder. good 

6 California Pink. very slight 

7 Case Knife. none 

8 Cracker jack Wax. good 

9 Crease Back. none 

10 Crystal Wax. slight 

11 Curries... excellent 

12 Currie Improved Prolific Tree. none 

13 Davis Wax. excellent 

14 Detroit Wax. good 

15 Eureka. excellent 

16 Flat Marrow... slight 

17 French Mohawk. good 

18 Full Measure. good 

19 German Black Wax... excellent 

20 Giant Stringless. excellent 

21 Golden Eye Wax. good 

22 Hardy Wax. slight 

23 Hodson. good 

24 Isabelle Improved Michigan Pea. none 

25 Kentucky Wonder. none 

26 Kentucky Wonder Wax... none 

27 Lazy Wife... good 

28 Longfellow.... good 

29 Low Champion. good 

30 Michigan l^bust Pea. none 

31 Mont d'Or. excellent 

32 Nova Scotia White Marrow. good 

33 Old Fashioned Sickle... alight 

34 Pencil Pods Black Wax. excdlent 

35 Pheasant Eye...... excellent 

36 Prolific Block Wax... excellent 

37 Red Kidney (Thorbum). excellent 

38 Red Kidney... excellent 

39 Rrfugee. excellent 

40 Refugee Wax... slight 

41 Refugee Wax.... slight 

42 Ruby Horticultural... excellent 

43 Scotia. very slight 

44 Scotia... none 

45 Souther Prolific. none 

46 Sure Crop. slight 

47 Tenne^ee Green Pod. none 





















































320 


Phytopathology 


[VoL. 13 


Variety 

48 Turtle Soup. 

49 Unrivalled Dwarf Wax. 

60 Warren. 

51 Wardwell. 

52 Webber Wax. 

53 Wells’ Red Kidney. 

54 White Imperial. 

55 White Kidney. 

56 White Marrow. 

57 White Navy (Burpee). 

58 White Navy (Harris). 

59 White Sickle. 

60 White Sickle. 

61 Woceater Mammoth. 

62 Yellow Eye. 

63 Yosemite. 


Infection 

none 

excellent 

fair 

excellent 

excellent 

excellent 

excellmit 

excellent 

excellent 

none 

none 

ver 3 ' slight 

none 

good 

slight 

excellent 


White Imperial were obtained from Mr. F. R. Perry of the Hicox- 
Rnmsey Seed Company of Batavia, New York. The Yellow Eyes 
were originally from Dr. H. H. Love of the Department of Plant Breed¬ 
ing at Cornell, and were pure line strains. 

In conducting the inoculation experiments both beta and the newly 
isolated strain were used. The beta strain came originally from Barrus, 
and excellent infection had been obtained when susceptible varieties 
of beans were inoculated with it. Nevertheless, to make this culture 
more comparable with the new strain, some White Marrows were 
infected and a re-isolation made. This re-isolated culture was then used 
in the following experiments. The inoculations were conducted in the 
same manner as previously described. Corresponding flats were ino¬ 
culated at the same time with beta and the new strain. The data are 
set forth in table 2. 

With the Wells' Red Kidney it will be noted that the new strain gave 
excellent infection in the majority of cases, good in a lesser number, 
fair in two cases, and slight in one. On the other hand, the beta strain 
caused no infection in the majority of cases, slight in one, fair in two, 
good in one, and excellent in one. One significant point in this experi¬ 
ment-test should be noticed, and that is, that those strains showing 
a slight susceptibility to beta frequently exhibit, a slight resistance to 
the White Imperial strain. This is the condition in numbers, 3, 7, 12, 
18, and 21. It cannot be argued then, that the new strain is only a 
more virulent form of beta. In the Yellow Eye, too, it may be observed 
that some of the pure lines are more r^istant to the new strain than to 
beta. As in the majority of Barrus’s inoculations the Arlington Red 
Cranberry was resistant to the beta strain, but ejxcellent infection was 
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TABLE 2- 


No. 


-Inoculation oxpcrimenls with the beta strain and the White Imperial strain 
of C. lindenmthianum. 

Infection 


Wells’ Bed Kidney 

2. 

3. 

’ Beta Strain 

. none. 

. blight. . . 

White Imperial strain 

.excellent 

.good 

4 . 

5 . 

, ,. ... none. 

.excellent 

.excellent 

7. 

.fair. 


S. 

. none. 


g. 

. none . 

.excellent 

10. 

.none. 

.excellent 

11. 

.none. 


12. 

.good 

.slight 

13. 

. none. 

.p.xcellent 

14. 

. . , ..... none .... 

.excellent 

17. 

. none.. .. 


18. . 

fair. . 

.good 

21. 

. .excellent. .. . 


29. 

.none. 

...excellent 

31. 

.... none.. 


32. 

.... none .... 

. fair 

37. 

.. . . . none . 

.good 

38. 

... . » •• • ^xon.e • • •« . 


51. 


. excellent 

62 . 

.... none. ...... 

.excellent 

63 . 

.none .... .. 


54 . 

.none. 

.good 

55 . 



56 . 



White Imperial 




none.good 

none.good 

none. good 

none. good 


1. 

2. 

3 . 

4 . 

Yellow Eye 

2-7-28-30-7.hhghfc.none 

5-68-4f5-l-3.tilighl. none 

17-641-8-5—3.. good.fair 

17-^41-8-5-44.good.slight 

17-641-12-1-6.fair.none 

20-560-1-3-1.slight. fair 

20-^60-1-3-11.alight.fair 

26-474r-6-5-12... slight.fair 

26-474r-6-6-27. slight.fair 

26-478-27-13-6.slight.fair 

26-478-27-13-22.sUght.fair 

26-478-29-20-8... slight.....fair 

26-478-29-20-26.sli^t. .. fair 

Arlington Red Cranberry.. very slight. excellent 

White Sickle... very slight.none 

^ The pedigree nvuenbers of the Wells’ Bed Kidney and the Yellow Eye are those 
used by Mr. Perry and Dr. Love. 
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obtained on this variety in the experiments being reported upon, with 
the White Imperial fungus. This fact also seems to indicate that the 
recently isolated fungus is a new strain. On the other hand, the White 
Sickle was resistant to both pathogenes and was evidently a different 
strain of that variety of bean from the one used by Barrus in his ex¬ 
periments. 

Much of the work done at the Perry Bean Laboratory to control the 
anthracnose has been in breeding strains of beans resistant to the disease. 
Dr. G. P. McRostie (6 and 7) and the writer (4) have shown that re¬ 
sistance to alpha and beta respectively is dominant and governed by a 
single factor. Just how the resistant to the third strain of C. lindemvthi- 
anum would react in hybridization was an important point to be con¬ 
sidered in further breeding experiments. A small number of seed from 
the Fi plants of crosses between the Wells’ Red Kidney and the Michigan 
Robust pea bean were on hand. These were planted in flats and ino¬ 
culated with the third strain. The data which were collected and tabu¬ 
lated on July 26, 1922 may be found in table 3. The number of F 2 

TABLE 3 —ResuUs of the inoculation of Ft plants of a cross between Wells’ Red Kidney 
and Michigan Robust pea bean with the White Imperial strain of C. lindemuthianum^ 
Pedigree number Resistant Susceptible 


402 

82 

23 

403 

57 

23 

404 

9 

2 

406 

34 

8 

406 

27 

9 

Totals 

209 

65 

Expected number 

204 

68 


individuals is small, but with the clo.se approximation to a throe to one 
ratio, there seems to be no doubt that resistance is dominant and governed 
by a single factor. In this respect it agrees with the resistance to both 
alpha and beta. It should be observed that in this experiment the 
Wells' Red Kidney was used as the susceptible parent. In the hybrid¬ 
ization experiments previously recorded, Burkholder (4) and McRostie 
(6 and 7), this variety had always been used as the resistant parent. 

From the foregoing experiments the strain of C. lindemuthianum 
isolated from the White Imperial appears to be distinct from either 
alpha or beta. It is true that it is closely related to the latter, but the 
inoculation experiments on the WeUs’ Red Kidney and the Yellow Eye 
show that it is not merely a more virulent form. The hybridization 
experiments too, lend proof to this point since the susceptible parent 
in the experiment was resistant to the beta strain of the pathogens. 
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In speculating as to the origin of this new strain, the writer considers 
it is not improbable that it arose from the beta strain as a mutation. 
The close relationship of the two strains as demonstrated in table 1 
points toward this possibility. It is also known that the beta strain 
under favorable circumstances will produce, at times, fair sized lesions 
on young seedlings of the Wells’ Red Kidney, so the further step to the 
new strain would not be great. Such a case not unlikely was the be¬ 
ginning of the third strain. Moreover, the county in which this new 
strain was found, is one in which the Wells’ Red Kidney is grown ex¬ 
tensively, and under these circumstances chance would be given for 
its development. All things considered, however, the writer feels 
justified in regarding the fungus isolated from the White Imperial 
sufiiciently removed from beta to be considered a new strain of C. 
lindemuthianum, and for this the Greek letter gamma is given to corres¬ 
pond with the alpha, and beta strains. 

Cornell University, 

Ithaca, New York. 
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TRYPANOSOME-LIKE BODIES IN SOLANACEOUS PLANTS 
J. E. Kotila and G. H. Coons 

Immediately following the recent report by Nekon (1) of the occur¬ 
rence of protozoa in bean, clover, and tomato plants affected with mosaic 
and potato plants affected with leaf roll, investigations were undertaken 
to ascertain whether the same conditions obtained in potato plants 
affected with other degenerational diseases. 

Diseased material from plants showing severe symptoms of potato 
mosaic, streak and leaf roll was killed and fixed with both chrome-acetic 
and Zenker’s solutions. Longitudinal sections seven microns thick 
were cut and stained with Haidenhain’s haematoxylin, the sections 
being mordanted 4 to 6 hours, stained for 12 hours and restained until 
most of the haematoxylin had been removed from the cell nuclei. The 
destaining process seldom required more than two minutes in the 4 
per cent iron alum mordant which was used. 

Cell inclusions resembling the tr 3 q)anosome-like bodies described by 
Nelson were found in phloem cells of potato plants affected with mosaic 
and streak. Likewise, similar bodies were found in the sections from 
plants affected with leaf roll. 

Trypanosome-like bodies having been found in the material from the 
potato plants affected with the various diseases, the studies were ex¬ 
tended to other Solanaceous hosts affected with mosaic. Midribs and 
lateral veins of leaves of mosaic tobacco and petunia plants were killed, 
fixed and stained as described for potato. No difficulty was experienced 
in locating in the phloem cells, inclusions similar to those found in the 
diseased potato plants. 

As a control upon the study of diseased material, similar work was 
done with material from healthy potatoes and tomatoes. The stock 
from which the healthy potato material was taken was indexed^ during 
the winter of 1921-1922, found to be healthy, and planted in an isolated 
plot in a smiflower field during the 1922 growing season. No mosaic 
or leaf roll appeared in the plot during that summer. Some of the 
progeny of this healthy stock was indexed again during the present 
winter, it being planted in a greenhouse in which indexing of potatoes 
was being carried on. Aphids were extremely scarce on the potatoes 
in the greenhouse and none were observed on the plants which were 
selected for study. No signs of either mosaic or leaf roll were observed 
on any of the plants which had reached the height of eight inches at 

* In this work, an eye of a tuber was sprouted and grown in the greenhouse to approxi¬ 
mately 10 inches in height, and evidences of disease looked for. The tubers from which 
any aberrant plants developed were rejected. 
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the time material was cut and fixed. The stock of potatoes studied 
was of the Bliss Triumph variety, upon which symptoms of either mosaic 
or leaf roll can easily and promptly be recognized. 

The tomato material was obtained by planting disinfected (chlorazine 
1 per cent) seed on agar in petri dishes, and after germination by trans¬ 
ferring the seedlings to test tubes containing Shive’s nutrient agar. 
Material was taken for study when the seedlings were approximately 
one and a half inches tall. The test tubes containing the seedlings were 
kept in test tube racks in a window of the laboratory and being plugged 
with cotton there was no possibility of contamination by aphids. The 
only possible source of disease was in the seed itself. Allard (2) and 
Gardner and Kendrick (3) contend that tomato mosaic is not trans¬ 
mitted through seed and base their contentions on negative results 
obtained from planting seed and growing thousands of tomato plants 
under controlled conditions. Gardner and Kendrick (3) state “In the 
light of all the available evidence, there appears to be no indication 
whatever that tomato mosaic is transferred through the seed.’* 

It is believed that this material studied was healthy. Stained sections 
from both potato and tomato plants revealed cell inclusions in the 
phloem elements which were similar in size and form to those found 
in severely diseased material and which were equally abundant. 

Although the cell inclusions observed were trypanosome-like in shape, 
they did not possess any degree of uniformity. Great variation in 
size was found in the bodies from both diesased and healthy material. 
All attempts to show definite structure by using such protozoan stains 
as Wright’s, Romanowski’s, tetrachrome, etc., have resulted in failure, 
the bodies staining a uniform blue. Likewise it has been impossible 
to demonstrate motility by means of thin sections of fresh material 
from either diseased or healthy plants or in extracted juice of such plants 
From the study which has been made of both diseased and healthy 
plants it is believed that the correlation of the trypanosome-like bodies 
described by Nelson with mosaic and leaf roll has not been proved and 
further investigations are necessary. 
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INTRACELLULAR BODIES IN THE PHLOEM TISSUE OF 

CERTAIN PLANTS AND THEIR BEARING ON THE MOSAIC 

PROBLEM 

S P. DnOLTTTIiE AND H. H. Mf Kinne\ 

With Pl\tb XV 

In connection with investigations of mosaic diseases the writers have 
studied large amounts of phloem tissue of both mosaic and mosaic- 
free plants. 

Studies have been made of stem and petiole phloem elements of 
mosaic-free and mosaic-infected navy beans, tomatoes, cucumbers, 
and red clover and of healthy garden peas, sweet peas, and alfalfa. 
In most cases free-hand razor sections of fresh material were studied 
in comparison with material fixed, embedded, sectioned, and stained 
b}' the usual methods. In these studies certain intracellular bodies 
have been found in the phloem of both mosaic and mosaic-free plants. 
In view of the very close similarity of these bodies to those which Nelson 
(2, 3) recently described as protozoa in the phloem of certain mosaic 
plants, it seems desirable to publish some of our recent results. 

The mosaic-free bean and tomato plants studied by the writers were 
grown in an isolated greenhouse at the University of Wisconsin, in 
which no mosaic plants were found, either before or after the time the 
material for study was taken, even though light and temperature con¬ 
ditions were favorable for the development of mosaic symptoms. In 
fact, no mosaic-infected tomato plants were found in any of the Univer¬ 
sity greenhouses. Furthermore, healthy tomato plants inoculated with 
juice from the healthy plants sectioned developed no mosaic, while 
similar healthy planth inoculated at the same time from the mosaic 
plants studied, all developed the disease. The mosaic-free beans used 
were grown from seed of both mosai(*-resistant and mosaic-snsceptible 
varieties taken from mo.saic-free plants.' 

The mosaic-free cucumbers were gronn at Madison, Wis., under 
cheesecloth cages, which have proven effective in preventing mosaic 
infection by excluding the insect carriers The mosaic-free red clover 
plants and healthy garden peas, sweet peas, and alfalfa were grown in 
the University greenhouses from healthy seed. 

* The wTiters arc indebted to bir. W. J. Bvans, graduate student in the Department 
of Plant Pathology, University of Wisconsin, for bean seed and plants with which he 
vas working in connection with his mosaic resistance studies. They arc also indebted 
to Dr. F. R. Jones and Mr. John Monteith, Jr.j for pea and olover material, respectively. 
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The mosaic-infected tomato plants were obtained in a commercial 
greenhouse in South Madison, Wis. The mosaic-infected bean and 
clover plants were grown in the University greenhouses at Madison. 
The mosaic-infecled cucumbers studied were grown in fields and green¬ 
houses at Madison. 

In mosaic-free and mosaic-infected bean plants, three to six weeks 
old, the bodies were found both in unstained, freehand razor sections 
of fresh material cut longitudinally and in stained, longitudinal sections 
cut 9 -12 microns thick from material killed in various fixatives, embedded 
and stained either by Flemming's triple stain or by Heidenhain’s 
iron-alum haematoxylin. The bodies were found singly in the sieve- 
tube and adjoining cells oriented longitudinally. They were of various 
shapes from irregularly ovoid to narrowly ellipsoid and usually had 
one or more slender strands extending from each end. In some cases, 
these strands extended to the ends of the cells, and in others, limited 
distances from the bodies (PI. XV-B). While the general form of some of 
these bodies may suggest that of certain protozoa, the characteristic 
structural details of protozoa, such as nuclei, blepharoplasts and rhizo- 
plasts, were not found when the material was stained with Heidenhain’s 
iron-alum haematoxylin and carefully destained, or when stained with 
Flemming’s triple either of which stains should show these internal 
structures if present. In free-hand razor sections of fresh material, no 
active motion of the intracellular bodies was noted, such as might suggest 
that of a protozoan. 

In mosaic-free and mosaic-infected red clover, as w^ell as in healthy 
garden peas, sweet poa'> and alfalfa, intracellular liodies have been found 
which, in general, are similar 1 o those found in the bean, except that the 
terminal strands liave been noted only occasionally in clover and alfalfa 
and not at all in garden peas or sweet peas. 

While the writers have not yet made an exhaustive search for litera¬ 
ture bearing on these intracellular bodies, it is of especial interest to 
note that in 1891 Sirasburger (4) reported finding, in presumably 
healthy plants of black locust (Rohinia p^mdoacocia), certain bodies 
which resemble, in many respects, the bodies foimd by the writers in 
beans, clover, garden peas, and sweet peas (PI. XV-A). 

The pertinent portion of the Strasburger (4) article has been trans¬ 
lated as follows: 

"The mature sieve-tube cells contain ellipsoidal bodies (PL Ill, Fig. 4).^ 

In an alcoholic preparation there is to be seen in each element a strongly refractive 
lump which gives the customary reaction of the sieve-tube slime, but which generally 
appears to be suspended in the middle of the cell. The suspension occurs by means 

^ Strasbm^er's Plate III, figa 4-11 are reproduced in our plate- X, 
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of thin threads which lead from ends of the slime-body toward the sieve-plates. This 
thread becomes increasingly attenuated until it reaches the sieve plate, wrhere, however, 
it often widens. If the slime body lies against one or the other sieve-plate, it sends 
a single thread to the other sieve-plate. The suspended slime-body has a somewhat 
ellipsoidal or angular polygonal shape. * * *■ The slime-body colors a yellow- 

brown with iodine although the thread takes the same color, only exceedingly faintly. 
The slime-body similarly reacts intensively in Millon’s reagent and the threads weakly. 
Ontogeny shows that the bodies arise from the primordial protoplasm of the cell. 
It shows at the time of its formation, chiefly a spindle (PL III, Fig. 5-7), seldom a 
barrel-shaped (PI. Ill, Fig. 10) form. As soon as the slime body reaches a certain 
size the thread leading from the body to the sieve-plates becomes visible. This thread 
also is differentiated from the inner portion of the peripheral protoplasmic layer. The 
slime-bodies swell into an ellipsoidal form (PI. Ill, Fig. 7—9), and together with their 
suspension threads, pull away from the peripheral layer of protoplasm. In the mean¬ 
time the nucleus shrinks and the piotoplasmic layer is very decidedly reduced. The 
protoplasm contracts in the young sieve-tubes but in old ones fails to contract and is 
therefore not always readily demonstrable. It often happens that more than one 
suspension thread may lead from the same end of a slime-body to one or the other of 
the sieve-plates. Less often the slime-body arises in contact with the sieve-plate. One 
finds them commonly at the sieve-plates but this is usually a result of the cutting of 
the stem sections and the influence of the alcohol. That the suspended slime-body 
cannot be considered an artifact is easily demonstrated in fresh material in which the 
somew'hat refractive slime-body as well as its threads can be readily recognized.” 

Haherlandt (1) states that these slime-bodies occur generally in the 
Leguminosae but do not occur in the Cucurbitaceae. Recent as well 
as earlier studies by one of the writers (Doolittle) are in accord with 
this statement, as hundreds of longitudinal sections made from both 
mosaic and mosaic-free cucurbit stems and petioles have never revealed 
such bodies in the phloem tissues. 

In the case of the tomato, the intracellular bodies, interpreted by 
Nelson as trypanosome-like protozoa, apparently do not occur as regu¬ 
larly as the bodies which are found in the bean, but they seem to be 
fully as abundant in the mosaic-free as in the mosaic tissues (PI. XV-C). 
Careful staining and desiaining of these bodies by the methods used 
in studying the bodies in the bean has failed to reveal structure typical 
of trypanosomes or other protozoa. Examinations of the tissues of both 
mosaic and mosaic-free plants show that the cytoplasm of the phloem 
cells frequently collects in lightly stained, long or short, irregular, 
spiral, wavy forms and it is possible to find ma,sses which show all 
stages between this cytoplasmic condition and the deeply stained forms 
which seem to be identical with the bodies described as protozoa by 
Nelson. The writers have looked for a possible undulating membrane, 
a charact^istio of the trypanosomes, but none has been found. In 
some cases the outer edges stain lighter than the centra] portion of the 
bodies, but this could easily be i^ue to wrinkled or folded host cyto¬ 
plasm. 
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While it is recognized that Strasburger might have been working with 
mosaic plants, this seems improbable. The possibility of infection in 
the case of the plants which the writers have considered mosaic-free 
is extremely slight, as they were grown under conditions which assured 
unusual protection from infection by means of insects or other agencies 
and which would not favor a masking of symptoms. 

As the bodies described by Nelson in beans, clover, and tomato have 
been found by the writers in mosaic-free plants,^ and as they cannot be 
distinguished from what seem to be normal constituents of the cells, 
further work will be necessary before it can be said definitely that pro¬ 
tozoa are present in plants affected by mosaic diseases. 

1 Since preparing this manuscript, Dr. E. A. Bessey, of the Department of Botany, 
Michigan Agricultural College, who is familiar with Nelson’s material, has seen the 
material studied by the writers and has stated that the bodies with which they are 
working appear to be identical with those desciibed by Nelson. 
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LEGENDS FOR PLATE XV 

A. Copy of figs. 4-11 from PI. Ill of Strasburger paper (4), a portion of which la trans¬ 

lated in text, showing slime-bodies in the sieve-tubes of Robinia pseudoaeaoia. 
Translation of original legends: 

Fig. 4. Mature sieve tube elements with companion cells; in the interior 
of the sieve-tube the slime-body suspended on a tliread. (X 240.) 

Fit^. 5, 6, & 7. Young sieve-tube elements which show the ontogeny of the 
slime-body in the peripheral protoplasmic layer. (X 240.) 

Figs. 9. 10, & 11. Slime-bodies more highly magnified. (X 540) 

B. Various bodi^ found by the writers in the sieve-tubes of mosaic-free navy bean 

plants. (X 1144.) 

C. Various bodies fotmd in the phloem-tissue of mosaic-free tomato plants. (X 1144.) 



NELSON'S SPIRAL BODIES IN TOMATO MOSAIC NOT 

PROTOZOANS 

Charles A. Kopoid, Henry H. P. Sbverin and Olive Swezy 

Since the publication of Nelson’s account^ of his evidence for the 
occurrence in certain mosaic diseases of plants of protozoans resembling 
trypanosomes, we have been able to examine both normal tomato plants 
and those with typical mosaic. These plant tissues we fixed in hot 
Schaudinn’s fluid and stained with the refinements of protozoological 
technique in iron haematoxylin. We find structures in both the normal 
and diseased tissues thus prepared which belong clearly to the same 
category as the structures described and figured by Nelson. We are 
whoUy unable to agree that these are trypanosomes and find nothing 
convincing that they are of a protozoan nature. 

They are not trypanosomes, for they have no undulating membrane, 
no flagellum with a definite, clear-cut, marginal fibril arising from a 
centrosome. Neither is there a parabasal body, the so-called kineto- 
nucleus of earlier literature and textbooks, near the end of the fibril 
and joined to the centrosome by the parabasal rhizoplast. Furthermore, 
we are imable to agree that the spiral form of these bodies, which are 
often twisted in a total spiral, is characteristic either of tr3q)anosomes 
or of any known protozoans. Its modifications are too strangely varied 
to fall into any known category of the morphological aspects of the 
protozoa. In addition, we can not agree that a nucleus of flagellate 
type with a nuclear membrane, a karyosome, and peripherarchromatin, 
such as might be expected in an organism with trypanosome aflSinities, 
OP, indeed, of any known protozoan type, is present in these bodies. 
Nelson’s figures do not demonstrate it to us and we can not agree that 
the darker aggregates sometimes demonstrable in the spiral bodies 
have either the constancy of structure, the t 3 rpe of variability, or the 
evidences of mitosis to be found in protozoan nuclei. 

These spiral bodies of tomato mosaic do not belong in the same 
category with the clearly established trypanosomes of the latex of 
Euphorbiaceous plants, which bear aU the morphological tokens of their. 
protozoan and tr 3 rpanosome affinities. 

We did not see at any time any evidence of motility on the part of 
these spiral bodies, when observed in the expressed juices of the tomato 
plant. There was no movement of an imdulating nature, no lashing 

I Nelson, Ray The occurrence o£ protozoa in plants affected with mosaic and 
related di^ases. Mich. Agr, !E!xp. Sta. Tech. Bui. 68: 1-30 ,18 figs. 1922. 
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of a flagellum, uo darting across the field of the microseope such as 
characterize the activities of motile flagellates. Occasionally reagent 
bottles, notably those containnig physiological salt solution, which are 
in use in the laboratory, become contaminated with a species of Bodo, 
a small, rapidly-moving flagellate. These might appear in preparations 
made up with such contaminated solutions and deceive the observer 
as to their origin. 

Finally, we find the same, or at least similar structures in comparable 
locations in supposedly healthy and evidently mosaic-free seedling 
tomato plants, as well as in the diseased phloem of older plants. The 
only difference noted between the spiral bodies from the diseased and 
supposedly healthy plants is that 1 he former are larger in most instances 
observed in our material. We are unable to state whether or not tbip 
difference bears any relation to either age or to disease of the plant. This 
occurrence of the spiral bodies in both supposedly healthy and obviously 
diseased plants adds to our skepticism as to their protozoan affinities 
and as to the possibility that they are flagellates from the digestive 
tract of plant feeding Hemiptera. The peculiar relations of these spiral 
structures in their elongated, trumpet-shaped phase to the sieve plates 
in some instances, their relative homogeneity, and their spiral struc¬ 
ture, lead us to believe that they are dexiotropic cell contents of an 
albuminoid nature. 

Untvbbsity of California, 

Berkeley, Calif. 



f^LIME BODIES OP ROBINIA PSEUDO-ACACIA L. 

Irving W. Bailey 
With Plate XVI 

In connection with my work upon the cytology and histology of the 
lateral meristem, I have had occasion to collect carefully killed and 
fixed specimens of the cambium and phloem of the stem of Rdbinia 
Pseudo-Acacia L. As shown by Strasburger^ (1891), this tree is char¬ 
acterized by having curious “slime-bodies” (Schleimklumpen) in its 
sieve tubes. The “slime-bodies,” which stain intensively in Millon’s 
reagent, vary greatly in size and shape dining different stages in the 
differentiation of the sieve tubes. At an early stage, they are small, 
slender, spindle-shaped structures, but later they enlarge, assuming 
the various forms illustrated in plate XVI, figures 1-5. The larger, 
spindle-shaped masses, which frequently tend to be bifurcated at the ends 
(PI. XVI, fig. 3), or more or less deeply cleft longitudinally, are held in 
place by slender threads attached at the ends of the spindle. As the 
“slime-bodies” enlarge laterally, these strands become thicker and more 
conspicuous (PI. XVI, figs. 4 and 6). 

That the organisms, described and figured by Nelson® in the phloem 
of bean and clover affected with mosaic are “slime-bodies,” such as 
occur normally in the sieve tubes of Robinia and other Leguminosae, 
seems certain. Nelson emphasizes the extreme pol 3 unorphism in the 
life cycle of the supposed flagellates and cites the following principal 
forms: 

(1) Large, elongated, biflagellate, tapering, or cigar-shaped individuals 
with the form of the body resembling organisms belonging to the genus 
Leptomonas, the flagella being attached at opposite poles. This is the 
most common type. (2) Ovaliform biflagelmtes of the same type. 

(3) Deep-staining, slightly elongated bodies, surrounded by a lighter 
envelope, with flagella running down to the centrally stained portion 
and projecting from each end of this destained envelojae. Individuals 
of this type may be almost spherical and occur in pairs in the same cell 

(4) Very small, elongated flagellates, less than 0.5 micron in diameter 

and similar to type 1. These are common in sieve and parenchyma 
cells and probably represent very young forms of type 1. (6) Deeply 

stained oval bodies with degenerate flagella and occasional remnants of 
an outer envelope. These may* be encysted forms. 

1 Stirasburger, Edward. Histologische Beitrage, Heft 8:198-104. 1891. 

* Nelson, Bay. The occurrence of protozoa in plants affected with mosaic and 
related diseases. Mich. Agr. Exp. Sta. Tech. Bull. 58, p. 1-30, 18 figs., 1922. 
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The “slime-bodies” of Robinia Pseudo-Acacia take on all of these 
forms during various stages in the differentiation of the phloem. Types 
1, 2, and 4 have already been referred to. The forms with a “des- 
tained” outer envelope occur commonly in nearly mature sieve tubes. 
The paired condition is illustrated in plate XVI, figure 1 (extreme right) 
Bifurcated or cleft “slime-bodies,” suggesting stages in longitudinal 
fission, are of frequent occurrence. During the later stages in the en¬ 
largement and modification of the “slime-bodies,” the sieve tube nuclei 
degenerate, as they do normally in most Gymnosperms and Angiosperms. 
The “slime-bodies” may, in certain cases, be in contact with the nuclei 
(PI. XVI, fig. 3). Furthermore, although the smaller, spindle-shaped 
“slime-bodies” are relatively homogeneous, they may contain one or 
more deeply staining granules. 

In discussing the identity of the structures described by Nelson, it 
should be emphasized that those figured by the writer are larger owing 
to the fact that they were obtained from stems of large trees. The 
cambial initials and their derivatives are larger in old robust stems than 
in young slender shoots, and the larger sieve tube elements tend to 
have larger “slime-bodies.” 

The movements recorded by Nelson in freshly cut sections of living 
material mounted in boiled water are to be expected. In removing 
the sections from the plant, the stresses and strains in the various 
tissues are changed, and the osmotic and other equilibria are disturbed 
upon emersion in water. That the “slime-bodies,” attached as they 
are by long slender threads, should remain perfectly stationary during 
subsequent readjustments would be remarkable, even if the liquid or 
semi-liquid contents of the cells had no circulatory movements. 

Btjsset Institution, 

Fobest Hills, 

Boston, Mass. 


Description op Plate XVI 

Fig. 1. Robinia Pseudo-Acacia L. Tangential longitudinal section of phloem of 
stem of on old tree, showing spindle-shaped, curved and ovaliform '‘slime-bodies.’* 
X 416. 

Fig. 2. Robinia Pseudo-Acacia L. Portion of sieve tube in tangential longitudinal 
section, lowing “flagellate,” spindleshaped “slimebody” and nucleus with deeply 
stained nucleolus. X 690. 

Fig. 8. The Same. Portion of sieve tube in tangential longitudinal section, showing 
spindleshaped, bifurcated “slimebody” in contact with nucleus. X 600. 

Fig, 4, The Same. Portion of sieve tube in tangential longitudinal section, showing 
“biflagellate,” ovaliform “slimebody.” X 690. 

F^. 5. The Same. Portion of sieve tube in tangential longitudinal section, showing 
“triflagellate,” transveisely expanded “slimebody.” X 690. 



FURTHER NOTES ON THE RELATION OF THE SPORE LOAD 
TO THE PER CENT OF STINKING SMUT APPEAR¬ 
ING IN THE CROP 

F. D. Heald and L. W. Boyde 

In a previous contribution^ the results were given of a study of the 
relation of spore-load, or the quantity of spores carried by each grain, 
to the percent of stinking smut appearing in the crop, for both naturally 
and artificially smutted .seed. It was pointed out that the determination 
of the spore-load offered a method of predicting the percent of smut 
that would appear in the crop under optimum conditions provided no 
seed disinfection should be practiced, thus making possible a rational 
selection of wheat for seed purposes and also indicating whether seed 
treatment in any given case would be a paying procedure. Some ad¬ 
ditional results from experiments in progress at the time of writing the 
first article, are now available and will be presented, since it is not 
planned to carry out any further tests bearing on this problem. 

In the spring of 1921 tests were made with the same two varieties, 
Marquis and Jenkins Club, as used in the previous experiments, with 
the addition of Early Baart, Hybrid 143, Little Club and Bluestem. 
One-hundred-gram lots of seed of each variety were smutted by shaking 
in a glass bottle with the respective amounts of smut, for lots carrying 
0,04 to 3 grams. For lots of seed carrying 0.02 grams or less of smut, 
distribution of the spores was accomplished by making a suspension in 
water and spraying them over the grain with an atomizer. It was felt 
that the latter method insured a better distribution of the spores when 
such small quantities of smut were being used. The smut was dis¬ 
tinctly evident by the coloration of the '“brush”'in all samples down to 
and including 0.08 grams of powdered smut to each 100 grams of seed, 
but was not visible except on white grains when less than 0.04 grams of 
smut was used. From the table 1 it may be noted that grain may be 
carrying several thousand smut spores per berry and still show no evi¬ 
dence of smut by naked eye inspection. 

Two rod-rows of each lot of seed were planted by hand on the same 
day, using as nearly as possible uniform depth and spacing of seed, so 
that the different lots would be directly comparable. Plant and head 
counts were made at harvest time to determine the percent of smut in 
the different plots. Very soon after seeding time spore counts were 

^ Heeld, F. D. The relation of spore load to the per cent of stinking smut appearing 
in the crop. Phytopathology 11: 269-278. 1921. 
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made for each lot of seed using the Levy counting cell and mechanical 
stage and following the same method as in the previous work.' 

The spore-load for the different varieties is given in the appended 
table (Table 1). The maximum number of spores per grain was 278,616 for 


TABLE 1— The uuniher of spotes per gram, using vaiious weights of smut per 100 

grams of seed. 


Weight of 
tjmut per 100 

Early 

Baart 

Marquis 

Jenkins 

Club 

Hybrid 

143 

Little 

Club 

Blusetem 

grams seed 

3 grms 

263,973 

263,110 

162,441 (?) 

163,675 

237,019 

278,616 

2 

181,480 

210,620 


120,016 

164,798 

209,872 

1 

84,033 

100,402 

76,796 

61,297 

81,678 

102,440 

0 8 

03,689 

76,804 

73,671 

60,710 

68,224 

77,698 

0.4 

27,639 

39,491 

33,404 

28,912 

31,716 

40,831 

0 26 

17,909 

19,677 

18,678 

17,659 

24,673 

23,337 

0.1 

6,926 

6,843 

6,510 

5,429 

12,521 

7,925 

0.08+ 

5,241 

5,430 

5,262 

5,590 

4,992 

6,635 

0 04++ 

1,976 

1,997 

2,371 

1,710 

1,664 

3,161 

0.02 

1,019 

1,061 


499 

1,144 

1,289 

0 01 

499 

561 

1,227 

644 

680 

624 

0.006 

312 

478 

936 

457 

416 

416 

0 00 

104 

21 

790 

228 

229 

0 

Bluestem with three 

grams of 

smut per 

100 grams 

of seed, 

while the 


lightest spore load varied from 312 to 936 per gram with 0.006 grams of 
smut per 100 grams of seed. The spore counts show a varying capacity 
of the different varieties for holding the smut powder, as may be noted 
by the smaller number in Jenkins Club and Hybrid 143. This variation 
may be due to the size of individual grains, the length and thickness 
of the brush, and other surface characters. It should be noted that all 
the unsmutted samples showed smut with the exception of Bluestem, 
which appeared to be smut-free. 

The percent of smutted plants is given in table 2. With the exception 
of certain fluctuations which might be expected there was a gradual 
reduction in the percent of smutted plants with the diminished spore¬ 
loads. It may be noted that maximum smutting was obtained with 
one gram of smut per 100 grams of seed with Early Baart, Jenkins’ 
Club and Little Club, while 2 grams of smut were required to produce 
maximum smutting with Marquis, Hybrid 143 and Bluestem. The 
portion of the table giving the results with spore-loads invisible or 
barely visible to the naked eye (.08 grams or less) is of special interest 

' Loc. eit. p. 272-273. 

* Smut distinctly visible to naked eye. 

** Barely visible on white grains, but not on dark grains like Marquis. 
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as indicating the amount of smut which might be expected if visibly 
clean seed is selected for planting. With such samples the percent of 


TABLE 2 —Per cent of smutted plants for different degrees of smutting. 
Weight of 


smut per 100 
grams seed 

Early 

Baart 

Marquis 

Jenkins 

Club 

Hybrid 

143 

Little 

Club 

Bluestem 

3 grams 

53.6 

6.5 

63.6 

68.4 

29.2 

44.5 

2 

50 2 

17.4 

64.8 

78.7 

33 0 

53.2 

1 

70 0 

11 0 

72.0 

42.4 

38.0 

47 5 

0 S 

58.9 

9.0 

57.4 

37.9 

24.6 

37.6 

0 4 

4.6 

0.0 

11.1 

‘ 16.5 

6.3 

17.0 

0.26 

28.3 

0.5 

2.9 

9.8 

1.0 

3.0 

0.1 

0.5 

0 0 

4.0 

5.3 

0.0 

1.8 

0.08 

1.6 

0 0 

1.8 

1 6 

0.0 

1.0 

0.04 

0.5 

0 0 

1.0 

0.0 

0 8 

1.9 

0 02 

1.6 

0.8 

13.6 

4.7 

4.2 

3.9 

0 01 

2.8 

1.7 

6.9 

6.9 

1.0 

2.9 

0.005 

3.9 

0.0 

5.6 

2.2 

1.0 

2.1 

0.0 

0.0 

0.0 

1.2 

0.0 

0.0 

0.0 


smut varied from 0 to 6.9 per cent with a single sample showing 13.6 per 
cent. Attention should be called to the pronounced jump in per cent of 
smut in all lots with spore-load of 0.02 grams per 100 grams of seed, 
and the gradual decrease again with the smaller spore-loads. This 
abrupt change can be explained only by the method of treating and 
distributing the spores. If all spores had been dusted on the grain 
there is every reason to believe that there would have been a gradual 
drop in the per cent of smut to the end of each series. In the previous 
paper it was shown that the per cent of smut appearing in the naturally 
smutted spring wheat is less than would be indicated by the spore-load 
as based on plantings of artifically smutted samples, this being due 
presumably to the fact that some of the seed-borne spores loose their 
power to germinate during the storage period of grain. The results 
shown in table 2 are then higher than would be expected under natural 
farm conditions, and suggest the question as to whether seed treatment 
of apparently clean seed is a paying proposition for spring plantings. 

It was pointed out in the previous paper that seed treatment of such 
a resistant variety as Marquis is inadvisable when spring seeding is 
practiced, and it now seems probable that even susceptible varieties may 
be seeded in the spring without disinfection in case they are clean as 
far as naked eye examination can reveal, with an assurance that the 
per cent of smut in the crop will be very low. 
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This conclusion is borne out by the results shown in table 3. The 
only samples which carried a sufficient number of spores to be classed 
as "visibly smutty” were the two Early Baart lots with spore-loads of 
6552 and 20,176, The per cents of smut in the “visibly clean” lots 


table 3— Table shoioing the spore-load and per cent of smut from naturally smutted 
samples of wheat obtained from various farms. Spring, 1921. 


Variety 

Bluestem 

tl 


Ci 

ii 

Early Baart 

tt 

it 


Marquis 

ti 

it 

Hybrid 143 
Jenkins Club 
Bed Chaff 


No. Samples 

No. of Spores 

% Smutted plants 


per grain 


6 

0, 21, 83, 104, 104,145 

0 

1 

104 

0 85 

1 

145 

0 9 

1 

166 

0 5 

1 

375 

0 5 

5 

0. 41, 42, 124, 229 

0 

1 

966 

1 0 

1 

6552 

20 0 

1 

20,176 

19 5 

6 

0, 01, 21, 42, 104, 145 

0 

1 

64 

0 78 

1 

333 

0 8 

3 

125, 125,187 

0 

1 

499 

0 

1 

270 

0 


ranged from 0 to 1 with spore-loads from 0 to 966. Since one per cent 
of smut would have little or no effect upon yield it is doubtful if seed 
treatment of any of the visibly clean seed would have been a paying 
proposition. 



OVER-SUMMERING OF LEAF RUST OF 
CEREALS IN KENTUCKY 

W. D. VaIiIjBAO 

The problem of determining the exact method of over-summering of 
the leaf and stem rusts of the small grains is an important one in Ken¬ 
tucky. It is comparatively easy to understand how the rusts over¬ 
winter once mycelium becomes established in the tissues of plants 
whose leaves live thru the winter. The small-grain fields go thru the 
winter often entirely free from either leaf or stem rust, but as conditions 
become favorable for infections in the spring, wheat fields especially 
become heavily infected first with the orange leaf rust and later with 
the black stem rust. This requires that the leaf rust at least must have 
over-summered the previous season in considerable abundance. The 
barberry has not been considered a factor in the black stem rust problem 
in Kentucky but as this disease is very prevalent late in the season on 
wheat it is possible that it may also over-summer iu the f.ame way as 
the orange leaf rust. 

Volunteer wheat (or barley or rye) plants have been considered the 
host on which the leaf rusts over-winter but little detailed evidence has 
been published as to w'hen the volunteer plants become established and 
how the rust is carried over from the infected crop to these plants. It is 
in an attempt to supply some of these details that this note is written. 

In attempting to find suitable material for study of over-wintering 
of the black stem rust of wheat on the Kentucky Experiment Station 
farm during the fall of 1922, Mr. J. W. Barringer and the writer found 
a few plants of volunteer wheat infected with leaf rust in a clover field. 
As this suggested that volunteer wheat plants in clover fields might be 
the means of over-summering of both leaf and stem rusts, the writer 
made further studies of first year clover fields following barley, rye and 
wheat to determine more accurately the possible relationship between 
clover or grass fields sown in the small grains and the over-summering 
of the rusts. 

Altho most of the observations have been made the past fall and 
winter, the history of the rusts from harvest time thru the following 
summer and winter seems to be so clearly written in the clover fields as 
to leave little doubt as to the exact method of over-summering. 

The barley, rye and wheat in the fields studied was planted in the 
fall of 1921. In the early spring the fields were sowed to clover Some 
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time before harvest, the wheat and barley plants became heavily infected 
with orange leaf rust. Some lodging was observed during the spring 
in the barley and wheat fields. At harvest time, the lodged straw and 
some of the heads were crushed into the ground by the binder thus 
bringing seeds in close contact with the soil and leaving a mulch of straw 
over them. At the time the straw and leaves of all three grains bore 
numerous uredineal pustules of the orange leaf rust. Some of the wheat 
was also heavily infected with black stem rust. An inspection, in the 
fall, of the straw of some 50 varieties of wheat preserved in the seed house 
showed that the uredineal stage of the black stem rust was still present 
at harvest time. This condition seems usual in Kentucky as the writer 
has seen wheat fields at harvest time so heavily rusted that men and 
horses were covered ith the brown .spores of the black stem rii.st after 
running the binder for a short time. Mr. Barringer a.ssured me that 
this is not the case further north in the winter wheat section. Some of 
each of the wheat, rye and barley seeds which had been crushed into 
the ground evidently germinated soon after harvest as evidenced by the 
fact that in the fall, numerous well establibhed plants surrounded by 
small masses of dead rusted leaves were found under their respective 
mulches of straw. Other seeds germinated during the fall. Plants from 
these when examined late in the fall were characterized by having 
seedling leaves only and a poorly developed root system. These plants 
were rarely found to be rusted. 

The young plants which developed in the early summer soon after 
harvest grew up thru the mulch of heavily rusted straw and evidently 
thus became infected. It is well known that the red rust spores of both 
the leaf rust and stem rust can survive for a considerable number of 
days if conditions are not right for germination and thus the primary 
infection of the volunteer plants maybe accounted for. The writer was 
unable to find volunteer plants either of barley, wheal or rye which 
had lived thru the summer which were not fairly well covered with 
straw: while wherever the binder had crushed a mass of plants into the 
ground, volunteer plants which gave evidence of having over-summered 
could be readily found. They were always heavily infected with leaf 
rust. Following infection of the volunteer plants the process of over- 
summering of the orange leaf rust was very simple. The new leaves as 
they developed became infected from the older leaves which, in turn, died 
thus leaving the mass of dead leaves at the base of the plants in the fall. 
It is a comparatively simple thing the following spring for the leaf rust 
to spread from these heavily infected volunteer plants in the clover 
fields into neighboring wheat fields and to cause the severe epidemics 
which appear each year in this State. 
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Altho black stem rust of wheat has not yet been found over-summering 
in this manner by the writer, he sees no reason why it should not do so 
in view of the fact that uredinia are numerous at harvest time in some 
fields. If the fungus over-summers in this way, there is little question 
as to its ability to over-winter as mycelium in the leaves of these volun¬ 
teer plants and thus account for the rather severe epidemics of black 
stem rust of wheat which often occur in Kentucky late in the spring. 

An examination of rusted wheat, barley, timothy and orchard-grass 
during the winter has shown that most or possibly all of the leaves bearing 
rust pustules in the fall die during the winter; but apparently the rusts 
are capable of living through the winter as mycelium in vigorous green 
leaves as on March 4, 1923, the writer found a year old timothy plant 
partly protected by a brick and a light covering of straw which had several 
apparently newly formed pustules. These, when examined on March 
14, appeared old, but a new fresh pustule containing viable spores was 
found on the same plant. On this date a volunteer barley plant which 
had lived through the previous summer was found on which there were 
32 very small apparently new pustules of leaf rust on green, vigorous 
leaves. A single small pustule of orange leaf rust of wheat was found 
on a volunteer wheat plant March 8. All of the pustules found appeared 
to have resulted from myoelia which had over-wintered in green, vigorous 
leaves. They were all found in a one-year-old clover field. 

As the practice of sowing grasses and clovers in wheat is general 
thruout much of the winter wheat area in this country, the clover and 
grass fields with their rusted volunteer wheat plants may be expected 
to play a prominent part in the over-wintering of the orange leaf rust 
and they may also prove to be a close rival of the barberry as a cause 
of epidemics of black stem rust in at least a portion of the winter wheat 
section. 

University of Kentucky. 
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FURTHER STUDIES ON POTATO SEED TREATMENT 

J. C. Gilman and I. E. Mblhus^ 

With Five Figubbs in the Text 

The interpretation of the existing data from experimental plots on 
potato seed treatment has led to many contradictory statements re¬ 
garding the value of various seed treatments for controlling seed-borne 
diseases. This confusion of interpretation of results usually has arisen 
because an inadequate system of control plots, which, coupled with an 
insufficient replication of the trials, gave too high an experimental 
error. In earlier papers the authors®*® pointed out three of the variable 
factors found in such experiments, viz.: the presence after treatment 
of a greater or less number of viable pathogenes on the seed piece, the 
inhibitory rather than fungicidal action of certain chemicals used in 
seed treatment, and the presence of the pathogene in the soil. A system 
of check plots which will to a marked degree measure these factors was 
suggested. This system consisted of the use of clean treated, clean not 
treated and infected not treated seed; the plots were replicated a sufficient 
number of times to reduce the experimental error to within the limits of 
practical certainty. 

TRIALS OF 1920, 1921, AND 1922 

In 1920 and 1921, further data were gathered on the basis suggested 
above, which confirmed the previous findings; and, in order to increase 
the value of the observations, the question of the most accurate ‘'measur¬ 
ing stick” in any set of field experiments was studied, use being made of 
certain experimental plots on the control of black scurf (RMzocHna 
solani) by seed treatment. In 1920 the amount of disease present on 
the progeny from the different plots was estimated on the basis of count 

^ Published with the approval of the Director of the Iowa Agricultural Experiment 
Station. 

* Melhus, 1. E., Gilman, J. C. & Kendrick, J. B.—^Fungicidal Action of Formaldehyde. 
Iowa Agr. Exp. Sta. Res. Bull. 59, 1920. 

»Melhus, I. E., and Gilman, J. O.—^Measuring Certain Variable Factors in Potato 
Seed Treatment Experiments. Phsdiopath. 11: 6-17. 1921. 
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and weight of the infected tubers from the plots and the percentage of 
disease thus computed. In 1921 the amount of disease present in the 
plots was computed both on the basis of stem lesions; that is, the per¬ 
centage of plants showing stem lesions due to Rhizoctonia solani, and on 
the basis of the presence of sclerotia on the tubers at maturity. The 
latter was computed by weight. Both years the plots consisted of 200 
hills planted in parallel rows. In 1920 each treatment was replicated 
5 and the checks 8 times. In 1921 three series of experiments weremade. 
In the series A, the plots were duplicated, the checks triplicated; in 
series B, the plots were not repeated, and in series C the plots were in 
triplicate, the checks being replicated 4 times. In the last series 400 
hills were planted and then part of them were dug to study the method 
of reading results by means of stem lesions. The seed treatment studies, 
particularly, were hot and cold formaldehyde, and mercuric chloride. 
Copper sulphate, bordeaux dust, and bordeaux mixture were also con¬ 
sidered in one or the other of the two years. The data showing the 
results of these experiments are brought together in the following tables: 


TABLE 1 —Results of seed treatment experiynerUs for the control of Rhizoctonia solani in 

19S0. 

Percentage of tubers showing sclerotia 


Row 

Treatment 

By weight 

By count 

1 

Clean, CH*0 1-240 26® C. 2 hrs. 

11.1 

10.7 

2 

Clean not treated 

15.2 

15.2 

3 

Infected not treated 

24.0 

24.7 

4 

Infected CHjO 1-240 25** C. 2 hrs. 

10.5 

14.1 

5 

Infected CH 2 O 1-120 50" C. min. 




Covered 2 hrs. 

6.3 

7.4 

6 

Infected CH 2 O 1-240 6-8® 2 hrs. 

17.6 

25.1 

7 

Infected CHaO 1-240 25® 2 hra. 

4.3 • 

5.3 

8 

Infected HgCla 1-1000 6-8® V/i hra. 

11.4 

11.0 

9 

Infected HgCla 1-1000 25® C. 1^ hrs. 

18.5 

19.2 

10 

Infected CUSO 4 1-300 25® 0. 2 hr. 

21.2 

20.1 

11 

Infected CHaO 1-120 60® 2}^ min. cov¬ 




ered 2 hrs. 

16.1 

16.7 

12 

Infected CHaO 1-240 6-8® 0. 2 hra. 

28.7 

31.8 

13 

Infected CHiO 1-240 25® 2 hrs. 

18.4 

19.9 

14 

Infected HgCla 1-1000 6-8® C. IH hrs. 

13.3 

12.0 

16 

Infected HgCla 1-1000 25® C. IH hrs. 

18.2 

20.3 

16 

Infected OuSO* 1-300 26® C. 2 hrs. 

11.7 

12.5 

17 

Clean CHaO 1-240 25® 0. 2 hrs. 

16.6 

15.9 

18 

Clean not treated 

35.0 

33.9 

19 

Infected not treated 

17.8 

19.3 

20 

Infected CHaO 1-240 25® C. 2 hrs. 

2.7 

3.9 

21 

Clean CHaO 1-240 26® C. 2 hrs. 

14.8 

14.3 
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22 

Clean not treated 

25 7 

27 6 

23 

Infected not treated 

34 1 

38 3 

24 

Infected CHjO 1-240 25“ C. 2 hre. 

0 6 

8 6 

25 

Infected CHaO 1-120 50“ C, 2M min. Cov¬ 




ered 2 hrs. 

12 7 

16 8 

26 

Infected CHaO 1-240 6-8“ C. 2 hrs. 

33 0 

25 0 

27 

Infected CHaO 1-240 25“ C. 2 hrs. 

12 4 

13 7 

28 

Infected HgCla 1-1000 6-8“ C. IM hrs. 

5 0 

6 4 

29 

Infected HgCla 1-1000 25“ C. IH hrs. 

6 2 

7 2 

30 

Infected CuSOi 1-300 25“ C. 2 hrs. 

17 6 

21 2 

31 

Clean CHaO 1-240 25“ C. 2 hrs. 

12 8 

15.1 

32 

Clean not treated 

6 5 

9.0 

33 

Infected not treated 

47 1 

42 5 

34 

Infected CHaO 1-240 25“ C. 2 hrs. 

7.6 

9 3 

35 

Infected CHaO 1-120 50“ C. 2J^ min. 




Covered 2 hrs. 

10.7 

12 8 

36 

Infected CHaO 1-240 6-8“ C. 2 hrs. 

6 5 

8 1 

37 

Infected CHaO 1-240 25“ C. 2 hrs. 

12. 9 

13.7 

38 

Infected HgCla 1-1000 6-8“ C. IH hrs. 

19 7 

21.5 

39 

Infected HgCla 1-1000 25“ C. IH hrs. 

12 5 

12 1 

40 

Infected CuSO* 1-300 25“ C. 2 hrs. 

23 0 

24 2 

41 

Clean CHaO 1-240 25“ C. 2 hrs. 

17.6 

19 2 

42 

Clean not treated 

11 6 

11.9 

43 

Infected no^ treated 

28 6 

24 0 

44 

Infected CHaO 1-240 25“ C. 2 hrs. 

14 4 

7 9 

45 

Clean CHaO 1-240 26“ C. 2 hrs. 

14.8 

14.4 

46 

Clean not treated 

21 8 

20 5 

47 

Infected not treated 

43.4 

39.3 

48 

Infected CHaO 1-240 26“ C. 2 hrs. 

21 8 

21.0 

49 

Infected not treated B. D. 

17.6 

18.0 

50 

Clean not treated B. D. 

46.0 

38.3 

61 

Infected CHaO 1-240 25“ C. 2 hrs. B. D. 

13.5 

13.2 

52 

Infected CHaO 1-240 25“ C. 2 hrs. B. D. 

28 3 

24.2 

53 

Infected CHaO 1-120 60“ C. 2 min. B. D. 




Covered 2 hrs. 

36 3 

31.1 

54 

Infected HgCU 1-1000 25“ C. 1H lirs. B.D. 

23.9 

20.9 

55 

Infected CuSOi 1-300 25“ C. 2 hrs. B. D. 

11.3 

12.6 

66 

Infected CHaO 1 -240 26“ C. 2 hrs. B. D. 

22 8 

23.7 

67 

Infected not treated B. D. 

47 3 

46.3 

58 

Clean not treated B. D. 

26.8 

21.4 

59 

Clean CHaO 1-240 26“ C. 2 hrs. B. D. 

20 3 * 

21 0 

60 

Clean CHaO 1-240 25“ 0. 2 hra. 

12.7 

12.0 

61 

Clean not treated 

46 0 

41.3 

62 

Infected not treated 

36.5 

33.9 

63 

Infected CHaO 1-240 26“ C. 2 hrs. 

32.5 

32.6 

64 

Infected Hot HgCl dip 

13.3 

13.2 

65 

Infected Hot CuSOi dip 

•31.6 

34.6 

66 

Infected Bordeaux paste (10-10-60) 

66.5 

66.8 

67 

Infected Bordeaux paste (10-10-60) 

38.0 

38.8 
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Infected-Paraform dust 

37.3 

34.7 

69 

Clean CHaO 1-240 25° G. 2 hrs. 

6 8 

9.5 

70 

Clean not treated 

25 3 

25 0 

71 

Infected not treated 

47.0 

55.6 

72 

Infected CHaO 1-240 25° C. 2 hrs. 

13 2 

17.0 

Summary of Means 




Clean treated 

12.6=t0.79 

14.04±0.69 


Clean not treated 

22.4d=2.88 

23.92d=2.48 


Infected not treated 

35.4±2.85 

34.16±2.48 


Infected treated 

14.1d=2 10 

14.32±2.05 


CH2O 1-120 50° C.2li min. 

11 1±1.2 



CHaO 1-240 2 hrs. 25° C. 

10.7=bl.5 



CHaO 1-240 2 hrs: 6-8° G. 

22 3=t3.4 



HgCla 1-1000 hrs. 25° C. 

13.9=bl.7 



HgCla 1-1000 VA hrs. 6-8° C. 

12 6±1.6 • 



CUSO4 1-300 2 hrs. 25 ° C. 

18.1d=1.8 



B. D, The seed was covered with bordea\ix dust just previous to planting. 


SUMMABY OP TABLE I 

The results of 1920 aside from the data concerning the best means of 
measuring control, showed that the hot formaldehyde treatment (CHsO 
1-120 60® C. for 2 min.) gave practically as good control as the standard 
formaldehyde treatment, and a little better control than the standard 
mercuric chloride treatment. The differences in control are of doubtful 
significance, while the shorter time for the hot method gives it consider¬ 
able economic value. An interesting point that should be mentioned 
is the better control with standard formaldehyde at a warm temperature, 
25® C. over cold 6-8® C. In the case of the former, the percentage of 
disease was cut in half. Copper sulphate did not give any better control 
and the plots showed injury from this chemical. The four check plots 
maintained the same relative positions as they have in experiments 
previously reported^. Bordeaux paste 10-10-50 and paraform dust 
were of no control value and very injurious to stand. 

In addition to the fungicides mentioned, one set of plots was planted 
in 1920 in tubers that had been dusted with commercial bordeaux dust 
Just previous to f>lanting and after the tubers were treated and cut. It 
was thought that the fungicide might act as an antiseptic and prevent 
the attack of Rhuoctonia solani. As will be readily seen from the results, 
the dusting had little or no effect on the percentage of disease present 
on the progeny of these tubers, if the percentage of Rhizoctonia on the 
progeny of any plot is compared with the percentage of Rhizoctonia on 

^loe, cit. 
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the nearest plot having the same treatment without the dusting. In 
6 out of 11 cases the dusted tubers showed more disease present on their 
progeny than did those not dusted. 

These results were estimated in two ways. The progeny from the 
plots were sorted into those showing sclerotia and those free from 
sclerotia, and the two groups were weighed and counted, and the per¬ 
centage of disease calculated from these figures. In the 72 field plots 
the percentage by count was greater than the percentage by weight in 
35 cases. In 28 cases the percentage by weight was greater than the 
percentage by count and in 9 cases the percentage of both weight and 
count were equal. The greatest variation was in plot 26 where the 



Fig. 1. Comparison of percentage of Ehizoctoiua estimated by weight with per¬ 
centage estimated by count. 

Percentage of disease estimated by count. 

Percentage of disease estimated by weight- 

percentage by weight was 8 per cent greater than the percentage by 
count. On the other hand, in the 25 plots showing 25 per cent or more 
infection the percentage by weight exceeded the count in 16 cases. Figure 
1 shows this comparison graphically. An array was made of the per¬ 
centage values by count and then the percentage value by weight for 
the same row was plotted. It is apparent that in spite of minor differences 
the percentage of disease computed by either method is practicaEy 
the same. 

If the mean percentages by count and weight in the four checks which 
were replicated eight times are compared, we find that in three cases 
the percentage by count is a little higher than that by weight, but the 
difference is insignificant. The figures are given in table 1, and shown 
in histograph form in figure 2. In this figure the solid histographs 
show the percentage by count; those outlined, percentage by weight. 
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The means in the checks that were replicated 8 times, show clearly 
that percentage by weight and count are very close to one another, 
and therefore it makes little difference whether one uses weight or 
count as an indicator of degree of control. 

It is obvious that the differences are not great and either the count 
of tubers bearing sclerotia or the weight of the infected progeny may be 
taken as an indicator of the fungicidal value of a method of seed treat¬ 
ment. From the point of view of mechanical ease and rapidity of 
performance the measurement by weight is probably preferable. 






S' 


n. 




1 





a 


liM 


ft 


Fig. 2. Comparison of the estimate of Rhizoctonia by cotmt and weight on the 
four check plots. The solid histographs show percentage of disease by count; the 
outlined, by weight. 

A—Clean treated. B—Glean not treated. 

C—Infected not treated. D—^Infected treated. 

T ABLE 2— Results of seed treatment experimenis far the control of Rkizoetonia aolani 1921. 

Yield of tubers 

Row Treatment Total wt. Infected wt. Per cent infected 


1 Clean' treated CHaO 1-240 26* 

oz. 

oz. 


2 hrs. 

261 

67 

21.8 

2 Clean not treated 

378 

108 

28.6 
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Series 

A 


Series 

B 


3 Infected not treated 

284 

172 

60 5 

4 Infected treated 

429 

197 

46.9 

5 CH 2 O 1-120 60° C. 2}^ min. 

736 

146 

19 8 

6 CH 2 O 1-240 6 - 8 “ C. 2 hrs. 

700 

260 

35 7 

7 CH 2 O 1-240 25“ C. 2 hrs. 

514 

74 

14 4 

8 HgCl 1-1000 6 - 8 “ C VA hrs. 

721 

66 

9 1 

9 HgCl 2 1-1000 25“ C. 13 ^ hrs. 

1139 

239 

20.9 

10 CaOCl 4 hrs. 

678 

301 

44 3 

11 Clean treated 

657 

45 

6 8 

12 ^ Clean not treated 

828 

181 

21 8 

13 Infected not treated 

482 

234 

48 5 

14 Infected treated 

720 

224 

31 1 

15 CH 2 O 1-120 50“ C. 2 ^ min. 

628 

82 

13.0 

16 CH 2 O 1-240 6 - 8 “ C. 2 hrs. 

789 

220 

27 8 

17 CH 2 O 1-240 25“ C. 2 hrs. 

684 

112 

16 3 

18 HgCla 1-1000 6 - 8 “ C. Wz hrs. 

742 

168 

22 6 

19 HgCla 1-100025“ C. IJ^ hrs. 

369 

5 

1 3 

20 CaOCl 4 hrs. 

613 

96 

16.4 

21 Clean treated 

608 

37 

6 09 

22 Clean not treated 

482 

36 

7.4 

23 Infected not treated 

368 

86 

23 3 

24 Infected treated 

25 Infected not treated Bordeaux 

665 

80 

12.0 

mixture 

26 Clean not treated Bordeaux mix¬ 

600 

77 

16 4 

ture 

669 

42 

6 2 

27 Clean treated Bordeavix mixture 

359 

41 

11.4 

28 Infected treated Bordeaux mixture 

536 

28 

5 2 

29 CH 2 O 1-120 50“ 0. 2A min. B. M. 

30 HgClj 1-1000 26“ C. 13 ^ hrs. 

679 

68 

8.5 

Bordeaux mixture 

682 

22 

3.7 

31 HgCl 1-1000 6 - 8 “ C. 1 }^ hr. B. M. 

463 

28 

6.0 

32 CaOCl 4 hrs. B. M. 

708 

84 

11.9 

33 GHjO 1-240 6 - 8 “ B. M. 

618 

84 

16.6 

34 CH*0 1-240 26“ C. 2 hrs. B. M. 

578 

66 

11.4 

35 Inf. not treated B. M. 

439 

93 

21.1 

36 Clean not treated B. M. 

660 

106 

16.8 

37 Clean treated B. M. 

397 

8 

2 0 

38 Infected treated B. M. 

626 

12 

2 2 

39 Clean treated 

628 

19 

2 9 

40 Clean not treated 

664 

28 

4.9 

41 Infected not treated 

261 

0 

0 

42 Infected treated 

644 

56 

8.7 

43 Clean treated 

434 

16 

3.6 

44 Clean not treated 

434 

46 

10.5 

46 Infected not treated 

262 

74 

28.2 

46 Infected treated 

436 

21 

4.8 

47 Hot formaldehyde 

489 

36 

7.1 

48 Standard formaldehyde 

446 

67 

15.6 
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49 Standard HgCU 

50 Clean treated 

51 Clean not treated 

52 Infected not treated 
Series 53 Infected treated 

C 54 Hot formaldehyde 

65 Standard formaldehyde 

56 Standard HgCla 

57 Clean treated 

58 Clean not treated 
69 Infected not treated 

60 Infected treated 

61 Hot formaldehyde 

62 Standard formaldehyde 

63 Standard HgCIg 

64 Clean treated 

65 Clean untreated 

66 Infected not treated 

67 Infected treated 


339 

66 

19.4 

378 

7 

1 8 

288 

16 

5 5 

466 

195 

41 8 

457 

40 

8 7 

332 

55 

16 5 

538 

75 

13 9 

584 

55 

9 4 

466 

20 

4 2 

602 

33 

5.4 

524 

266 

50.7 

576 

38 

6 5 

420 

64 

13 2 

517 

65 

12 5 

538 

46 

8.5 

466 

35 

7.6 

330 

50 

15.4 

391 

121 

30 9 

264 

44 

16.6 


MEANS mi 


Series 

Clean treated 

9.7=t3 0 

A 

Infected not treated 

19 2=fc3.2 


Infected not treated 

43 3 =b6.1 


Infected treated 

27.6 ±6.5 


CHaO 50^ C. 2M min. 

16,7 ±1.6 


CHsO 6-8“ 0. 2 his. 

81.5 ±1.9 


CH*0 25“ C. 2 hrs. 

15.6 ±0.5 


HgCIs 6—8“ C. 1J4 hrs. 

16 9 ±3.2 


HgCl, 25“ C. IH his. 

16.1 ±5 3 


CaOCl 4hrs. 

30.6 ±6.9 

Series 

Cleon treated 

4 5 ±0.7 

B 

Clean not treated 

6 06 ±0.6 


Infected not treated 

13.8 ±5.7 


Infected treated 

10.4 ±0 8 


Clean treated and B. M. 

6.4 ±2.2 


Clean not treated B. M. 

11.0 ±2.3 


Infected not treated B. M. 

18.1 ±1.3 


Infected treated and B. M. 

3.7±0.7 

Series 

Clean treated 

4.4 ±0.7 


Glean not treated 

8.7±1.4 

0 

Infected not treated 

39 0 ±3.1 


Infected treated 

8.2 ±1.4 


Hot formaldehyde 

12.4 ±1.6 


Standard form^dehyde 

13.7 ±0.6 

Summary 

Standard HgCU 

11.6 ±1.6 


Clean treated 

6.8 ±1.4 


Clean not treated 

12 7 ±1.9 
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Infected not treated 
Infected treated 
Hot formaldehyde 
Standard formaldehyde 
Standard HgCU 


37.9 =1=4.3 

17.9 =fc 3.3 
14.6 =fc 1.3 
14.5 db 0.4 
13.8 =fc2.3 


SUMMARY OF TABLE 2 


The results from the plots in 1921 as shown in table 2 confirmed the 
data of 1920. The percentage of disease was higher in all cases except 
checks but the relative positions of the treatments, when they are ar¬ 
ranged from the standpoint of control is the same. Hot formaldehyde, 
standard formaldehyde at 25® C., and standard mercuric chloride all 
gave practically the same control. The difference between standard 
formaldehyde treatment at 25® C. and 6-8® C. was again marked. The 
tubers from the latter plots showed twice as much disease as those from 
the former. 

Bordeaux mixture 8-8-50 was substituted for the bordeaux dust used 
in 1920, the application being made before the tubers were cut. Other¬ 
wise the treatment and comparisons are similar. In this case the bor¬ 
deaux treated plots show less Rhizoctonia present on the progeny in 
10 out of 14 cases. The beneficial effect was insuflScient to warrant 
the treatment, however. The disease was relatively lessened, but the 
effect of the first treatment was greater than that of the bordeaux 
mixture. This is clearly shown in the high percentage of disease present 
when the infected tubers were treated with the bordeaux mixture alone. 
The greater fungicidal value of the liquid as compared with the dust 
is probably due to the action of the copper brought into solution on 
the sclerotia before planting and not to any protective effect in the ground. 

During the course of these experiments, the question arose as to 
whether the percentage of sclerotia on the progeny was an accurate 
measure of the effectiveness of a given seed treatment, since the injury 
caused by Rhizoctonia is primarily due to its action on the stem of the 
growing plant. The deposition of sclerotia on the new tubers might not 
be a true index of the amount of the fungus that had been present on 
the seed piece. 


TABLE 3 —Comparison of stem and ivber infectUm with JRJmoctonia solani, 1921. 


Row 

Treatment 

No. 

Yields 

Per cent of stem 

Per cent 

No. 


Plants 

Oz. 

lesions on Rhiz. 

Rhiz. on 





June 3 

Jime 14 

tubers 

1 

Clean treated 

48 

434 

0 

9 

4.2 

8 

cc 

54 

378 

0 

13 

3.6 

15 

<1 

56 

466 

4 


1.8 

22 

it u 

56 

466 

4 


7.5 
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Mean 

2 

Clean not treated 

52 

434 

3 7±09 

13 4 

20 

4 5 =h0 7 

10 5 

9 

W 1 i 

59 

288 

13 5 

26 

5 5 

16 

ii <1 < < 

56 

602 

3 6 


5 4 

23 

1 t 4 1 

52 

330 

3 8 


15.4 

Mean 

3 

Infected not treated 

46 

262 

8 6 ± 1 6 

43 4 

50 

8 7 ± 1 4 

28 2 

10 

ii << <4 

51 

466 

50 9 

62 

41 8 

17 

11 11 11 

56 

524 

47 8 


50 7 

24 

4l 11 11 

54 

391 

38 8 


30 9 

Mean 

4 

Infected treated 

54 

435 

39 9 ± 3 1 

11 1 

27 

45 4 ± 1 5 

16 6 

11 

<< (1 

55 

457 

16 1 

18 

4 8 

18 

11 11 

59 

576 

13.5 


8 7 

25 

11 t( 

54 

264 

12 9 


6 5 

Mean 




14 2 db 0 7 


8 2dz 1 45 


STJMMAET OP TABLE 3 

In the 1921 trials, Series C, each plot was enlarged to 400 sets so as 
to allow for the digging of part of the sets after the plants were up. The 
digging was done when the plants were about 4 to 6 inches tall and the 
number of plants with and without lesions counted. The results obtained 
are given in table 3 and shown in figure 3. The shaded histographs 
represent the^percentage of the plants dug that had Rhizoctonia lesions; 
the unshaded columns the percentage by weight of the progeny that 
showed sclerotia. It is clear that the percentage of plants with lesions 
and tubers with sclerotia are not always the same, but they have the 
same general trend and the difference in most cases is but slight. This 
fact is particularly brought out by the means of the 4 checks in which 
the differences are less marked than when the individual rows were 
considered. Stem lesions according to 1921 results, give a similar result 
to the readings made by means of the deposition of sclerotia on the 
tubers. The readings obtained by either of these methods probably 
^ ould not vary materially. It should be stated, however, that the reading 
on stem lesions should be made early in the life of the plant, for later in 
the season, as shown in table 3, the fungus spreads from plant to plant 
and the reliability is thereby lessened, although the relative amount of 
disease present seems to increase more or less uniformly throughout 
the plots. 
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SUMMARY OF TABLE 4 

In 1922 the efficiency of hot formaldehyde having been established 
for Iowa conditions, the efficiency of hot mercuric chloride used alone 
and in combination with formaldehyde was tested. This combination 
was made in an attempt to combine the inhibitory action of the mercuric 
chloride with the fungicidal efficiency of the formaldehyde. The plan 
of the experiments differed from that used in the preceding trials, in 
that 8 replications of each plot and 10 replications of each of the 4 check 
plots were used. This change was made due to the fact that but 100 



Fig. 3. Oomparison of the estimate of the percentage of Rh'zoctonia by TWAnna of 
stem lesions (shaded), and the estimate by weight of diseased progeny (outlined). 
1, 8, 15, 22—Clean treated. 2, 9,16, 23—Clean not treated. 

3,10,17, 24—Infected not treated. 4,11,18, 25—^Infected treated. 

5,12,19—Hot formaldehyde. 6,13, 20—Standard formaldehyde. 

7,14, 21—Standard mercuric chloride. 

A—^mean of clean treated. B—mean of clean not treated. 

C—^mean of infected not treated. D—^mean of infected treated. 


sets could be placed in each row. The plots were so arranged, however, 
that each treatment occupied two adjacent rows which could be combined 
to constitute a plot comparable to those used in the previous years. In 
addition since laboratory tests have shown a slight difference between 
the fungicidal efficiency of mercuric chloride made up in distilled water 
and that made up in tap (hard) water, plots from potatoes treated in 
these two solutions were added. The results of this year’s experiments 
are given in table 4. 
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TABLE 4 —Residis of seed irealmeni expenmerds for the conirol of Rhizocionia aolani, 1922. 




Yield of tubers 

Per cent 

Row Treatment 

Total vrt. 

Infected wt. 

infected 



oz. 

oz. 


1 

Clean treated 

232 

8 

3.4 

2 

14 <1 

356 

56 

15 7 

3 

Clean not treated 

344 

52 

15.1 

4 

ti << tt 

_ 

— 

— 

5 

Infected not treated 

_* 

— 

— 

6 

<( (( << 

186 

84 

45.1 

7 

Infected treated 

508 

106 

20.8 

8 

<4 tt 

480 

86 

17.9 

9 

HgClj 1-1000 2 min. 60“ 

600 

468 

78.0 

10 

II II « 

355 

199 

56 0 

11 

HgCIs 1-2000 plus CH 2 O 1-240 2 min. 50“ 

468 

304 

64.9 

12 

II II tt tt II II 11 

657 

236 

35.8 

13 

CHaOl-240 2hrs. 

584 

168 

28.9 

14 

II (< ri 

446 

164 

34 5 

15 

Tap H,0 HgClj 1-1000 

586 

98 

16.7 

16 

It tt II tt 

922 

318 

34.4 

17 

Dist. HiO HgCls 1-1000 

600 

236 

39.3 

18 

11 It II It 

372 

148 

39 8 

19 

Clean treated 

609 

160 

26.2 

20 

14 44 

667 

176 

30.9 

21 

Clean not treated 

720 

104 

14.4 

22 

II <1 II 

628 

178 

28.3 

23 

Infected not treated 

818 

162 

19.8 

24 

it tt it 

462 

166 

34.9 

25 

Infected treated 

642 

184 

33.9 

26 

tt tt 

644 

204 

31.6 

27 

HgCl* 1-1000 2 min. 60“ 

612 

216 

34.2 

28 

II It it It 

594 

272 

45.9 

29 

HgCU 1-2000 & CHjO 1-240 2 min. 60“;C. 

760 

142 

18.9 

80 

C( H it 44 tt tt 

450 

82 

18.2 

31 

CHaO 1-240 2 hrs. 

448 

94 

20.9 

32 

II <1 II 

340 

60 

14.7 

33 

Tap HaO HgCls 1-1000 

312 

68 

18.6 

34 

II <« II “ 

350 

22 

6.2 

85 

Dist. HaO HgCla 1-1000 

562 

74 

13.1 

36 

II It It It 

492 

62 

12.6 

37 

Clean treated 

604 

18 

2.9 

38 

41 (4 

304 

68 

19.0 

39 

Clean not treated 

610 

105 

17.2 

40 

II « II 

420 

66 

13.3 

41 

Infected not treated 

520 

200 

38.4 

42 

it ti 

368 

128 

34.8 

43 

Infected treated 

624 

82 

13.1 

44 

44 44 

631 

104 

16.4 

45 

HgCIa 1-1000 2 min. 50“ 

506 

82 

16.2 
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46 

HgCU 1-1000 2 min. 50“ 

315 

82 

26 0 

47 

HgCU 1-2000 ± CHjO 1-240 2 mm. 50“ 

418 

44 

10 5 

48 

1 « <1 <i (( « <1 

382 

114 

29 8 

49 

CHaO 1-240 2 hrs. 

534 

82 

15 3 

50 

<< « <1 

432 

104 

24 0 

51 

Tap HaO HgCla 1-1000 

470 

100 

21 2 

52 

il << I* 

534 

114 

21 3 

63 

Dist. HaO HgCl 1-1000 

662 

82 

12 3 

54 

n << tt << 

560 

128 

22 8 

66 

Clean treated 

584 

40 

6 8 

66 

<( II 

616 

122 

19 8 

57 

Clean not treated 

666 

118 

17.7 

58 

U ** 

434 

92 

21.1 

59 

Infected not treated 

428 

120 

28.0 

60 

it tl ii 

400 

162 

40 5 

61 

Infected treated 

430 

60 

13.0 

62 

It 

470 

66 

14 0 

63 

HgCla 1-1000 2 min. 50“ C. 

462 

142 

30 6 

64 

tt ** «l 

476 

71 

14.9 

66 

HgCla 1-2000 zh CHaO 1-240 2 min. 50“ C. 

644 

172 

26.7 

66 

II << II il II i< <1 

542 

148 

27.3 

67 

CHaO 1-240 2 hra. 

430 

78 

18.1 

68 

II i* II 

652 

100 

18.1 

69 

Tap HaO HgCla 1-1000 

687 

20 

3.4 

70 

II << Il « 

496 

120 

24.0 

71 

Diat. HaO HgCL -1000 

542 

70 

12.9 

72 

II (1 II (t 

582 

110 

18.8 

73 

Clean treated 

596 

72 

12 0 

74 

II 11 

546 

38 

6.9 

76 

Clean not treated 

526 

92 

17.6 

76 

tl It II 

600 

92 

15.3 

77 

Infected not treated 

604 

288 

47.6 

78 

II << II 

509 

164 

32 2 

79 

Infected treated 

440 

30 

6.7 

80 " “ 

Summary 

430 

32 

7.4 


Clean treated 

5015 

750 

14.9 db 2.3 


Clean not treated 

4948 

899 

18.1 db 0.9 


Infected not treated 

4295 

1474 

34.3 =fc 1.8 


Infected treated 

5299 

954 

18.0 d= 1.9 


HgCla 1-1000 2 min. 50“ G. 

3920 

1532 

39.0d=4.8 


HgCla 1-2000 =fc CHaO 1-240 2 min. 50“ C. 

4212 

1242 

29.4 db 6.0 


CHaO 1-240 2 hrs. 

3766 

830 

22.0 d= 1.6 


Tap HaO HgCla 1-1000 

4267 

S50 

19.9 d= 2.2 


Dist. HaO HgCla 1-1000 

4472 

910 

20.3 d= 2.6 


* Eowb 6 and 6 were lost at harvest time. 
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In these plots the amount of diseased progeny in the four check 
plots remained in approximately the same relation to each other as they 
held in the three preceding years. The infected treated checks showed 
approximately the same control as the clean not treated checks. In 
1921 the latter were better than the former, while in 1920 the reverse 
was the ease. These facts would indicate that selection of sclerotia-free 
tubers was approximately as good a control as is seed treatment. The 
difficulty of securing clean seed, however, makes treatment necessary. 

Treatments with mercuric chloride 1—1000 at 50“ C. for 2 min., and 
mercuric chloride 1-1000 plus formaldehyde 1-240 for 2 min. at 50® C. 
gave no better control than did the untreated checks. In fact, these 
treatments were of no value for the control of the disease during this 
season. 

Although laboratory experiments as published earlier^ showed greater 
fungicidal action of mercuric chloride 1-1000 made up with distilled 
water, over the same solution made up with tap water (hard water), 
the field experiments show this difference to be of little practical signifi¬ 
cance. The tap water solution gave 19.9 ± 2.2 per cent of the progeny 
diseased, while the distilled water solution gave 20.3 ± 2.6 per cent 
diseased progeny. 


DISCUSSION 

The literature shows many different statements as to the relative 
efficiency of different methods of seed treatment. In 1919, 1920 and 
1921 a comparison has been made between the standard cold mercuric 
chloride and formaldehyde methods and the hot formaldehyde method. 
Each season each plot consisted of 200 sets replicated from 4 to 6 times. 
The seed used in these trials each year was as uniformly infected 
with Rhizoctonia as it was possible to obtain it. The seed in every case 
was northern seed having been grown either in South Dakota or Minne¬ 
sota. The percentage of tubers infected with Rhizoctonia sclerotia at 
harvest time has been used as a “measuring stick.” 

It is interesting to note the variation in the different plots receiving 
the same treatment the same year. Note especially the spread in the 
different plots treated with the hot formaldehyde method in 1919 as 
shown in figure 4.* It varied from 8 to 20 per cent, cold formaldehyde 

1 Gilntan, J. C. Effect of hardness of water on. the fungicidal value of mercuric 
chloride solutions (By title) Science n. s. 66: 262. 1922. 

* The data for 1919 from which this figure was drawn, is given in table IX, Melhus, 
I. E. and Gihuan, J. C. Fungicidal action of formaldehyde. Iowa Agr. Esp. Sta. 
Res. Bull. 69 : 378. 1920. 
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from 14 to 21, and, mercuric chloride from 6 to 21 per cent. The means 
in the order mentioned are 15 =h 1.6,17 d= 1.2, and 14 =fc 2.3 respectively, 
an extreme difference of only 4 per cent. This percentage may well 
be within the limit of the experimental error. The subsequent two years 
show similar fluctuations with means differing even less than 4 per cent 
as in 1919. 

In 1920 the mercuric chloride plots showed a variation of 6 to 18 
per cent, with a mean of 13.9 ±1-7; the hot formaldehyde plots, a 
range of 5 to 16 per cent with a mean of 11.1 ± 1.2, while standard 



Fig. 4. Comparison of the percentage of Rhizoctonia on progeny from seed treated 
with hot formaldehyde, standard formaldehyde, and standard mercuric chloride for 
the years 1919, 1920, and 1921. The shaded histographs show the mean percentage of 
disease for each series of plots. 

formaldehyde showed a range of 4 to 16 per cent with a mean of 10.7 ± 
1.5. In 1921 the range for the mercuric chloride plots was 1 to 21 per 
cent with a mean of 13.8 ± 2.3; that for hot formaldehyde was from 
7 to 20 per cent with a mean of 14.6 ± 1.3, and standard formaldehyde 
varied from 12 to 16 per cent with a mean of 14.5 ± 0.4. The mercuric 
chloride plots showed the greatest variatidh about the mean while the 
formaldehyde plots were more uniform throughout the three years 
experiments. 

The mean of the three years for the three different treatments is 
practically the same or about 14 per cent. These results are graphically 
represented in figure 4. They should be compared with the summary of 




356 


Phi top ^tholoc y 


[Voii 13 



Fia 5 Companson of tbe percentage of K-bizoctoma m the four diffesrent check 
plots over the four years e'^erunents The ^aded histographs are the means for 
each senes 

4.—dean treated 
O—Infected not treated 


B—Clean not treated 
D—^Infected treated 
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the check plots figure 5, for the same years, and it will be readily seen that 
the variability is in most cases less for the different plots than for the 
check plots. It is this great variability of results which necessitates 
the replication in order to reach a fair conclusion as to the eJficiency 
of a given treatment. 

In the four years’ experiments here considered the check plots were 
replicated 6 times in 1919, 8 times in 1920, 4 times in 1921, and 5 times 
in 1922. From the data gathered the relative position of the means 
remains the same, as regards one another, even when but 4 replications 
were used and in spite of the fact that in 1920 one of the infected not 
treated plots gave only a trace of Rhizoctonia sclerotia on its progeny. 
The differing weather conditions, of course, make it impossible to com¬ 
pare the amount of disease except the relative infection resulting in 
the series of years with the same treatments. From these results four 
replications seem to be suflScient in the case of the plots used here. 
Plots of different size or shape might of course require more or might do 
with less replications but with 200 hills in each plot planted in a row, 
the plots being parallel, four times seems adequate repetition in ordinary 
experimental fields. Plots with a fewer number of variable factors such 
as variety tests or yield, may show significant differences with a less 
number of replications. 


SUMMARY 

In potato seed treatment experiments with Rhizoctonia solani the 
efficiency of the treatment can be measured with approximately the 
same accuracy either by weight or count of the percentage of diseased 
progeny resulting from that treatment. 

Percentage of plants showing stem lesions and percentage of diseased 
progeny also were of relatively equal value as methods of measuring the 
efficiency of the fungicides used in seed treatment experiments if the 
stem lesions were read early in the growing season. 

Results obtained over a period of three years showed that hot for¬ 
maldehyde, cold formaldehyde and mercuric chloride were practically 
equally efficient from the fungicidal effect produced in controlling 
Rhizoctonia solani. The mean percentages of infected tubers for 1919 
were 15d=1.6, 17 ±1.2, and 14 ±2.3 per cent respectively. For 
1920 they were 11,1 ± 1.2, and 10.7 ± 1.5 and 13.9 ± 1.7. For 1921 
they were 14.6 ± 1.3, 14.5 ± 0.4 and 13.8 ± 2.3, The results here 
given show that the formaldehyde experiments gave more constant 
results than mercuric chloride as evidenced by the greater probable 
error in the latter plots. 
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Bordeaux mixture applied as a dust to potato tubers had little fungi¬ 
cidal value as a protection against Rhizoctonia solani. Bordeaux mix¬ 
ture 8-8-50 applied as a liquid in which the potatoes were dipped showed 
a slight fungicidal effect, but one insufficient to warrant its adoption as 
a practice. 

From four years study of seed treatment plots when the plots are 
200 hills long in parallel rows, 4 replications will insure fairly reliable 
results on ordinary experimental fields. 

Hot mercuric chloride and a combination of mercuric chloride and 
formaldehyde showed practically no control of Rhizoctonia in 1922. 

Botaity and Plant Pathology Section, 

Iowa Agricultural Experiment Station. 



THE BLACKLEG DISEASE OF THE POTATO. ON THE EE- 
LATIONSHIP OF BACILLUS ATEOSEPTICUS AND 
BACILLUS SOLANISAPEUS 

Sydney G. Paine and H. Chaudhttbi 

The two organisms Bacillus ■ atrosepticus van Hall, and Bacillus 
solanisapms Harrison produce diseases of potato tubers and stems 
which, though very similar, bear certain distinguishing features, namely, 
the effect of the former in producing a melanin reaction in both the tuber 
and stem which does not appear as an effect of the latter, and the harden¬ 
ing of the vascular bundles by the former but not by the latter; this 
hardening of the vascular structure causes the “blacklegged” stems to 
stand erect in the field whereas in the disease described by Harrison 

(1) caused by Bacillus solanisaprus the rotted stems show a dark green, 
not a black, colour and are so soft that they fall to the ground. Besides 
these differences between the symptoms which each respectively produces 
the two organisms exhibit certain cultural differences, notably, in their 
colony formation, in their power to liquefy gelatine and in gas formation 
from sugars; B. atrosepticus rapidly liquefies gelatine while B. solanisaprus 
is virtually a non-liquefier. 

In spite of these differences, however, the experiments of W. J. Morse 

(2) seemed to show them to be strains of one and the same species; in 
these experiments, consisting of prolonged cultivation through several 
transfers in the same medium, the distinguishing characters disappeared 
and both gave identical reactions. In an earlier communication E. F. 
Smith (3), describing Bacillus phytophthorus Appel, gives his opinion 
that Bacillus solanisaprus is a closely related, though not identical, 
organism and the same may be said of Bacillus atrosepticus.” 

Now these organisms have been in the collection of type cultures in 
the Imperial College laboratory since 1917 during which period they have 
been “carried on” side by side on the same media and yet have always 
been quite easily distinguished by their manner of growth. It was 
therefore considered advisable to repeat the work of Morse and to extend 
it in other directions in order to settle this question of the relationship 
of the two species. 

The cultures under examination were one of B. atrosepticus, in all 
probability identical with B, phytophthorus, isolated by one of us (S.G.P.) 
in 1917 and one of B. solanisaprus obtained in that year from the 
American Museum of Natural History. Following closely the plan 
of the experiments of Morse the cultural and physiological characters 
of these two organisms were compared before and after a series of daily 
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transfers from tube to tube of nutrient broth. Of the results of these 
experiments it suffices to say that we were unable to confirm the finding 
of jMorse. With our cultures and in our hands the distinguishing 
features of the two organisms described above were present equally at 
the end of this period of attempted “training” as at the beginning of it. 

DETEEMINATION OP THE THEKMAL DEATH POINT 

Capillary tubes filled with suspensions of the organisms from an agar 
slope of 24 hours’ growth at 20° C. were heated for ten minutes and the 
contents plated out and incubated with the following results:— 


Temperature 

B. atrosepticus 

B. solani&aprus 

45° C. 

20 Colonies 

00 Colomes 

47° C. 

Nil 

00 Colonies 

50° C. 

Nil 

110 Colonies 

54° C. 

00 = innumerable. 

Nil 

3 Colonies 


B. solamsaprus is here seen to be considerably more resistant to heat 
than B. atrosepticus. 

INOCULATION EXPERIMENTS 

(a) Inoculation of Potato Stems. Allowing the organisms to enter 
the cut end of a stem immersed in a bacterial suspension in water, or 
prick inoculation of the growing stem gave always consistent differences, 
namelj', a strong melanin reaction and fishy smell with B. atrosepticus 
and a dark green, water-soaked stem and absence of fishy smell with 
B. solanisaprus. 

(b) Surface Inoculation of Sterile Potato Slices. Both organisms 
produced very active rotting; B. atrosepticus gave its characteristic pink 
colour and black (melanin) margin to the rotted area accompanied by 
the fishy smeU of trimethylamine, whereas the rot produced by B. solani- 
sapius was a white rot almost devoid of smell. Moreover, the rots in 
the two cases were of an entirely different chemical order, as shown by 
the change in hydrogen ion concentration of the rotted tissue. The 
original Ph. of the potato juice was 6.4 and the final value for the tissue 
rotted by B. atrosepticus was 7.2 as against 4.8 by B. solanisaprus. 

(3) Surface Inoculation of Potato Slices at Different Temperatures. 
The diameter of the rotted area resulting from equal loop surface in¬ 
oculations was measured in millimetres after 20 hours’ incubation at the 
temperatures given below:— 
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3° 

12 ° 

25° 

O 

O 

CO 

32° 

B aiioseplicus 

1 

ml 

slight rot 

20 mm. diani. 


active 

55 mm diam 

veiy active 
60 mm diam. 
slice com¬ 
pletely rotted 

B solanisaprus 

slight lot 

15 mm. diam. 

1 

active 

50 mm. diam. 

complete 

60 mm. diam. 

complete 

60 mm. diam 

complete 

60 mm. diam. 


The three sets of experiments clearly establish the two organisms as 
distinct. The authors have been unable to confirm the work of Morse. 
In searching for an explanation of his results it is conceivable that his 
cultures were mixed ones obtained from diseased potatoes bearing both 
species and that by his cultural treatment the one was specially favoured 
and the other completely eliminated. 

Imperial College op Science and Technology, London. 
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A NEW LEAF SPOT DISEASE OF ONION AND GARLIC 

Colin B. Welles 

With Plate XVII and One Fighre in the Text 

A severe leaf spot of onion {Allium cepa L.) and garlic {Allium sati¬ 
vum L.) has been observed since January 17, 1922, at the College of 
Agriculture, Los Banos, P. L The disease was first noticed on garlic 
which on January 31 was so seriously parasitized that it was doubtful if 
any of the plants would develop to maturity. In the present paper a 
description is given of the disease and of the causal organism. The writer 
is publishing these results as a provisional record until the group to 
which this organism belongs may be satisfactorily classified. 

SYMPTOMS 

The disease has been found on onion and garlic and on each host the 
symptoms appear slightly different (Plate XVII A). 

On onion: Frequently all of the leaves of a plant are diseased, showing 
various gradations in seriousness from slight chlorosis to death. Young 
lesiorts appear as circular yellow, chlorotic spots, 5 to 3 mm. in diameter. 
They are most numerous at the outer end of the leaves and gradually 
decrease in number towards the base. In slightly older attacks the 
chlorotic spots coalesce at the end of the leaf. Below there are numerous 
separate lesions giving a mottled appearance. 

Later on, the end dries out and turns grayish brown and less frequently 
the single lesions develop a brownish center made up of dead tissue. 
In most severe attacks the entire leaf is killed and turns grayish brown. 

Fruiting bodies are visible on the older, dead portions of the lesions, 
or they may appear as black specks on the chlorotic tissue. 

On garlic: The distribution and appearance of lesions on garlic 
leaves are strikingly different from those on the onion. In the first 
place garlic has flat leaves and the lesions penetrate through the leaves 
when they are very young. The lesions commence as small, round or 
irregular chlorotic spots, spreading rapidly until the entire outer end 
of the leaf is killed. Instead of the appearance of more small lesions 
below the margin of this lesion the fungus develops and seems to proceed 
in a mass down the leaf. The diseased tissue is delimited by a narrow 
band of chlorotic tissue about 3 mm. in width. 

After the original lesions fuse, progress of the disease is rapid and 
it is only a short time until the leaf is killed. Since most leaves show 
lesions, death of the plants commonly results from infection. 
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HOSTS PARASITIZED 

Inoculations made recently by the writer have shown that Cerco- 
spora are very indiscriminate with regard to hosts attacked. It has 
been found that a species of Cercospora isolated from Phaseolus lunatus 
parasitized all legumes on which it was placed and also parasitized 
many non-leguminous plants. In view of such varied parasitism, it 
is impossible to state whether onion and garlic are the only hosts of 
this organism. However, the organism found on garlic and the one 
found on onion appear to be the same according to present methods 
of classification. 

ECONOMIC IMPORTANCE 

Garlic appears to suffer more from the disease than onion, due, perhaps, 
to the fact that the garlic plants were more mature and had been exposed 
to greater possibilities of severe infection. 

Out of 198 onion seedlings observed on January 20, four had been 
killed outright, fifty-four were very seriously diseased, while the re¬ 
maining 138 had from one to five lesions on each leaf, 

A second count of the onion plants on February 6 showed that out of 
a total of 208 plants observed, 17 were healthy, 117 were slightly dis¬ 
eased, 71 severely diseased, and 3 killed. This shows that the (hsease 
was becoming more serious, at least in number of plants attacked. 
On February 17, from a third count of a total of 186 onion plants, it was 
found that 2 were healthy. 111 were slightly diseased, 69 were seriously 
diseased, and 4 were dead. This count, while it presents the actual 
conditions of the plants on the above date, does not make allowance 
for dead and fallen leaves which appeared abundantly over the entire 
patch or for the loss of 22 plants which disappeared after the second 
count. In each instance the same plants were observed. 

On the other hand, garlic suffered much more severely. Out of 230 
plants recorded 30 were healthy or so slightly diseased that lesions were 
not noticeable, 32 plants were slightly diseased, 113 plants were seriously 
diseased, and 56 killed outright. This count was made on January 17. 

On February 2, out of a total of 127 garlic plants, none were healthy, 
22 were slightly diseased, 64 were seriously diseased, and 51 entirely 
dead. From this it appears that 103 out of 230 plants disappeared 
between January 17 and February 2 or a loss of 44.7 per cent of the plants. 

The loss continued even after the plants had been sprayed with Bor¬ 
deaux mixture on January 24. 

Plate XVn B shows the relative size of bulbs obtained from diseased 
and from healthy plants. 
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CAUSAL OBGANISM 

The organif-m responsible for the leaf spot disease of onion and garlic 
belongs to the genus Cercospora and so far as can be ascertained is an 
undescribed species. 

The conidiophores arise in stomata or from injured surfaces of the 
leaves. They are produced in bunches and in every detail are similar 
to many of the common Cercospora. The conidiophores are light 
brown, and measure 47.4 to 165,9 by 5.1 to 7.9 miera with two or three 
septa when taken from onion, and 50.5 to 168.0 by 5.5 to 8.6 miera 
with three or four septa when taken from garlic. 




Fig. 1. Conidiophores and conidia of Cercospora dvMiac n. sp., taken from Allium 
cepa. Drawn with the aid of camera lucida. X 900. 

Fop the most part the conidia are borne terminally on the conidiophores 
are straight or slightly curved, are moderately short, are thick at the 
basal end, tapering to a blunt point, and are hyaline. They measure 
from 48.4 to 79.0 by 6.3 to 7.9 p. with from 3 to 12 septa when taken 
from onions, and 71.1 to 99.0 by 5.3 to 6.4 p, with from 2 to 16 septa 
when taken from garlic (Fig. 1). 

The name CercosTpora duddiae is suggested for this organism. 
Cercospora Duddiae n. sp. 

Spots amphigenous, at first round, later irregular with a border of 
yellow, chlorotic tissue, having gra3dsh brown centers, 3 to 6 mm. in 
diameter; conidiophores fasciculate, filiform, simple, frequently genic- 



PlQlOP VlHOLOCl XIII 


PL4.1E XVII 



OEBCOSPOEi DUDDIvr ON ILLTUM SATl^LM 

V PI lits of t,cali(’ ilh I j sitbo I I shown B lesions cdu cd b\ Ce cosio a I ill 
I he plsnls to the left ore shfehtK dibC'ised tho e xt the ii^ht no nci ly dcxl 

B Bulb fiom hcTlthj fe.'iibc plants C Bulbs fiom di ensed g'XiUc plants B ind 
O some scale 
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ulate, 47.4 to 168.0 by 5.1 to 8.6 (x, 2 to 4 septate, light brown; conidia 
slender, straight or slightly curved tapering from basal end to blunt 
point, 48.4 to 99.0 by 5.3 to 7.9 [x, 3 to 15 septate, hyaline. 

On leaves of onion, {Allium cepa L.) and garlic {Allium sativum L.) 
found at Los Banos, Laguna, Philippine Islands. 

CONTROLS 

The disease on garlic was first observed on January 17 and on January 
23 the entire plot of plants was sprayed with Bordeaux mixture. The 
disease was very serious at that time and little if any benefit resulted 
from the application. 

In view of the fact that the disease is confined to the leaves, the appli¬ 
cation of Bordeaux mixture as a protective measure should give an 
efficient control. As the disease has appeared during dry weather, a 
change in horticultural practice would be of little if any benefit, as 
Cercospora appear to thrive most luxuriently during periods of heavy 
precipitation. 

SUMMARY 

1. A leaf spot of onion {Allnm cepa L.) and of garlic {Allium sativum 
L.) has been found at Los Banos, P. I. The disease was so serious that 
the respective crops were reduced approximately fifty per cent. 

2. The fungus has been found on onion and garlic although it may 
be rather omnivorous as other Cercospora have been shown to be by 
inoculation experiments. 

3. The causal organism is a Cercospora believed to be an undescribed 
species. 

4. The name Cercospora duddiae n. sp. is suggested to designate the 
fungus. 

College of Agriculture, 

Los Banos, P. I. 



NOTES ON THE OCCURRENCE AND GROWrH OF CANKERS 

OF ENDOTHIA PARASITICA 

N. Eex Htjnt 

During the years 1913-15, the writer conducted a series of spraying 
tests with lime-sulphur and with Bordeaux mixture as a possible means 
of controlling chestnut blight. The experimental orchard was located 
on a shelf near the summit of the Blue Ridge Mountains, fifty miles 
west of Washington. This shelf slopes gradually down and to the east 
and is bounded on the west by a short, sharp incline at the top of which 
is the summit of the ridge and the Virginia-West Virginia state line. 
The orchard was composed of grafted coppice and native trees mixed. 
A very few of the grafted trees were Japanese chestnuts, a few were of 
a superior stock of native chestnuts and the larger part were of the 
Paragon and related varieties of European chestnuts. 

Groups of infected trees were found in the woods to the south and 
the west of the orchard. Spraying was done with a high pressure power 
outfit. 

A study of the rate of growth of cankers was made (Table 1) and this 
was used to calculate the probable dates of infection of cankers found 
(Table 2). The location of cankers was noted (Tables 3, 4) as a possible 
clue to the source of the spores and to the means of infection. Notwith¬ 
standing the enormous number of spores produced by the organism, it 
seems evident that a relatively low percentage of wounds became 
infected. Every tree was wounded in nailing on serially numbered brass 
discs. Countless thousands of wounds were made in cutting and dragging 
the heavy growth of bush out of the orchard. During the winter of 
1914r-15 two severe sleet storms broke thousands of twigs and branches. 
Proximity to diseased trees did not insure quick infection of a tree (Table 
6). The amount of growth in large cankers is compared to growth in 
small cankers and the amount of growth in cankers on grafted trees is 
compared to growth in ungrafted trees (Table 6). Grafted trees did 
not blight as readily as ungrafted trees (Table 7). Sprayed trees did not 
show as much blight as unsprayed trees (Table 8), but spraying was 
relatively ineffective and not of sufficient benefit to justify the cost. 
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TABLE 1 —Giowlh of chestnvi hhghl cankers 


Period of Growth 





Fall 

Fall 
1914 to 
FaU 
1916. 

Sept. 23, 
1913 to 
May 6, 
1914 

May 6, 
1914 to 
Oct. 23, 
1914. 

Oct. 23, 
1914 to 
May 14, 
1915. 

May 14, 
1915 to 
Aug. 26- 
Sept. 9, 
1916. 

Aug. 26- 
Sept. 9 to 
Nov. 1, 
1916. 

No. cankers 

3 

17 

44 

30 

72 

26 

Increased diameter of 







cankers—^vertical 

1.68 in. 

6.06 

2 3 

4. 

1.77 

7.8 

Monthly rate— “ 

.22 

1.01 

.33 

1 14 

.88 

.65 

Increased diameter of 







cankers—^horizontal 

5 

4.82 

1 8 

2.85 

1.14 

5.8 

Monthly rate— “ 

.07 , 

1 

.8 

1 

.26 

.81 

.57 

.48 


When a new canker was found, it was measured and its probable 
date of infection calculated on the assumption that it had grown at 
the average rate during each preceding period of time for which this 
rate had been determined. For example, if we found a canker with a 
nine inch vertical diameter on November 1, 1915, we would subtract 
8.07 inches, the total average growth (1.77 + 4.0 + 2.3) from October 
23,1914 to November 1,1915, and assume that the canker had a vertical 
diameter of 0.93 inches on October 23,1914. The average rate of growth 
during the period ending on October 23, 1914 was 1.01 inches per month. 

of 30 days = 28 days. Twenty-eight days previous to October 
23 would be September 25, 1914. If the similar calculation based on 
the horizontal diameter threw the infection date back to September 15, 
the calculated date of infection would be made half way between or 
September 20,1914. Many of the cankers were rather small when found 
and the margin of error was correspondingly smaller. 

Winter sleet injuries and increased supplies of spores help to account 
for the large number of early infections in 1915. The late season in¬ 
fections would not become sufficiently conspicuous to be found during 
that year. 

Numbers in parentheses indicate cankers appearing where tags were 
nailed on trees. Nearly all of these tags were nailed on the east or on 
the west sides of the trees. Even without the cankers resulting from 
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TABLE 2 —PidbaUe injutwn dates as cahdaled from the data in table 1. 



1913 

1914 

1915 

Apiil 


1 

21 

May 


6 

9 

June 


5 

18 

July 


10 

8 

August 

1 

9 

10 

September 


16 

2 

October 

1 

14 

1 


TABLE 3 —Location of chestmit blight lankirs on trees. 


Side of tree on ^hieh basal or body cankers came. 


North N. E. N. W. South S. E. S. W. East West 
19 17 18 4- (D* 15 18 + (1) 19 + (D 33 + (21) 24 + (15) 


these wounds it will be seen that there are more cankers on the east 
and west sides. We are unable to advance a plausible explanation for 
this. 


TABLE 4 —Part of tree infected. 


Year 

1911 

1912 

1913 

1914 

1915 

1 Total 

Location 


1 





Base 

1 

4 

7 

16 

45 

72 

Body 


2 

4 

28 

42 

76 

Stub 



6 

19 

20 

45 

Number 



17 

22 

3 

42 

Limb 

1 


3 

7 

9 

20 

Branch 

1 


1 

12 

37 

41 

Twig 




1 

10 

11 

Top 

1 

1 

2 

6 

9 

19 

Rbot 




2 

1 

3 


Base Infection near ground level; 

Body a» Below firat main divisions of trunk; 

Stub » Limb stub on any part of tree; 

Number ~ Point where numbers are nailed on; 
Limb =» Divisions three inches or more in diameter; 
Branch = One-half inch or more in diameter; 

Twig -■ Less than one-half inch in diameter; 
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The segregation in table 4 is made on the basis of the first or oldest 
infection on each tree. 


TABLE 5— InfpcHo7i8 among Uees wUhin ten feet of a diseased liee. 


Date of 
Infection 
of diseased 
trees 

No. of 
trees 
within 
10 ft. 

Number of these trees infected each year 

No. 

apparently 
infected 
June 30, 
1916. 

1912 

1913 

1914 

1915 

1916 

II^B ! I 

6 


3 

3 



0 


13 



5 

2 


6 


38 



9 

h 

2 

22 

1914 

79 




11 

2 

66 


The last examination of the trees was made on June 30, 1916. Rela¬ 
tively few of the 1916 infections would be found in a hasty search made 
as early as that date. 

TABLE 6 —Growth of large cankei s vs. small cankers and growth of cankers on grafted 

vs. ungrafied trees. 


Sept. 1, 1915-Nov. 1, 

1915. 

Nov. 1, 

IQlS’^tTuno 20j 

1916. 

No. of Increase in diameter 

No. of 

Increase in diameter 

cankers vertical 

horizontal 

cankers 

vertical horizontal 

Cankers over 4 in. 

in vertical diameter 


52 1 64 in. 

1.15 in. 

68 

2 83 in. 

2 57 in. 

Cankers 

4 in. or less in vertical diameter 


21 1 82 in. 

1 06 in. 

27 

2 8 m. 

2 33 m. 


Growth on 

grafted trees 



22 1.4 in. 

1 2 in. 

28 

2 61 in. 

2.3 m. 


Growth on ungrafted trees 



80 1 59 in. 

1.2 in. 

49 

3. in. 

2 83 in. 


The growth of large cankers as compared to the growth of small 
cankers was determined for a small number of trees in the fall of 1915. 
A similar comparison of growth rates was made for cankers found hi • 
1915 and measured on Nov. 1, 1915 and again on June 20,1916. These 
data are tabulated in table 6. The amounts of growth made by the 
large and by the small cankers as shown in this table do not agree but 
seem to indicate that rate of growth is not greatly affected by the size 
of the cankers. 

A segregation of the same figures was made to compare the relative 
growth of cankers on native trees with the growth of similar cankers 
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on grafted trees. Cankers below the graft line of grafted trees were 
eliminated. These data, as shown in table 6 seem to indicate that cankers 
grow slightly faster on native trees than on grafted trees. 


TABLE 7 —Chestnut blight in grafted and in ungrafted trees. 



1911 

1912 

1913 

1914 

1915 

Total 
No. inf. 

Total 
No. trees 

Per cent 
of trees 
infected. 

Grafted 


1 

3 

32 

51 

88 


10 27 

Ungrafted 

■■ 

2 

19 

26 

26 

74 


24 2 


Of the total of 1,559 grafted trees, a total of 149 or less than 10 per 
cent became infected. Of the 829 ungrafted trees, a total of 175 trees or 
21 per cent became infected. Data for part of the orchard was segregated 
by years, showing the erratic proportions given in table 7. Ten grafted 
trees died from chestnut blight. These trees averaged 5^ inches 
D. B. H., and died in an average of 2.2 years after the date of infection. 

42 ungrafted trees died from the disease. These trees averaged 4 
inches D. B. H., and died on an average of 2 years after the date of 
infection. A few trees were destroyed before notes were taken as to 
whether or not they were grafted. No distinction was made between 
cankers above and below the graft line in making these tabulations. 


TABLE 8 —Effect of spraying for chestnut blight 



1911 

1912 

1913 

1914 

1915 

Number of healthy trees at beginning 






of year. 

2526 

2522 

2514 

2460 

2194 

Per cent infected during year. 

.16 

.28 

1.6 

4.5 

7.6 

Number of trees sprayed 

Per cent of sprayed trees infected 



1550 

1493 

1424 

during spray season. 



1 

2.7 

4.3 

Number of trees unsprayed 



964 

967 

662 

Per cent of unsprayed trees infected. 



2.3 

6.7 

7.8 

Some trees were cut down in 

1914 and 

1915. 

Of the 2,194 

trees 


unblighted at the beginning of the year 1915,108 were cut down before 
the end of the season. A number of these felled trees had bUghted and 
all are included in the grand total. They are not included in the totals 
of sprayed and unsprayed trees. The benefit of spraying was so slight 
that any protection afforded would seem to be very transitory. Omitting 
such infections of sprayed trees as were calculated to have occurred 
before or after the spraying season for each such tree, the results of 
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spraying as shown by table 8 are still very poor. Extending the length 
of the spraying season could not be expected to greatly improve results. 
Trees became infected even when sprayed every fifteen days or when 
sprayed after each rain. The foliage of lime-sulphur sprayed trees was 
injured but this injury was not noticeable a few days after spraying. 
Bordeaux sprayed trees had a characteristic dark blue-green foliage 
and lost their foliage a week or ten days earlier than lime-sulphur sprayed 
trees. There seemed to be little choice between the two sprays from 
either the standpoint of disease control or of effect on the host. Neither 
spray produced any benefit commensurate with the cost. 

Office of Investigations in Forest Pathology, 

Bureau op Plant Industry, 

Washington, D. C. 



FIELD CONTROL OF TOMATO MOSAIC 
Max W. Gabdner and James B. Kendeick^^ 

TFith One Figure in the Text 

The importance of the perennial weed relatives of the tomato as 
winter carriers of the mosaic disease has been pointed out in our pre¬ 
vious publications^ and the eradication of the perennial ground cherries 
(Physalis subgldbrata, P. virginiana, and P. heterophylla) and horse 
nettle {Solanum carohneme) in and near tomato plant-beds and fields 
has been recommended as a mosaic control measure in Indiana. 

During the summer of 1922 a cooperative trial of these recommenda¬ 
tions on a field scale was carried out in cooperation with Mr. Ralph 
Kemp, a tomato grower and canner. The work was located near one 
of Mr. Kemp’s factories at Kempton, Indiana, in a section of the corn 
belt very favorable for the production of canning tomatoes and likewise 
a section where the mosaic disease is annually prevalent to a serious 
extent, presumably because of the abundance of the weed carrier, smooth 
ground cherry (P. subglabrata). 

The tomato plants were grown in a series of 24 plant-beds and two 
field beds which were located in what was previously a sod pasture in 
order to obtain as great freedom as possible from the disease •carrying 
weeds, since these are abundant mainly in cultivated soil. The plants 
were transplanted to three fairly well separated fields, not far from 
the plant-beds. Field 2 consisting of five acres and field 3 consisting 
of 30 acres were planted about the third week in May, and field 1 con¬ 
sisting of ten acres was planted about two weeks later. 

A careful search for the mosaic-carrying weeds was made in and around 
the plant-beds on May 11 and none were discovered. On May 22, 
however, a number of young Physalis subglabrata plants were found in 
three areas near the plant-beds but none showed mosaic. 

Upon this first appearance of the weeds, the area comprising the plant- 
beds and fields 1 and 2 was surveyed once a week and a vigorous campaign 
to keep down the weed carriers in and around fields 1 and 2 was begun. 
No effort was made to keep the weeds out of field 3, which was to serve 
as a check. 

1 Contribution from the Botanical Department, Purdue University Agricultural 
Experiment Station, I^aFayette, Inch 

* Gardner, Max W. and Kendrick, James B. Overwintering of tomato mosaic. 
Bot. Gaa. 78: 469-485. 1922. 

-^Tomato mosaic. Purdue Agr. Eiq). Sta. 


Bull 261: 1-24. 1922. 
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On May 29, P. subgldbrata was appearing in abundance and about 
a hundred, of which 12 showed mosaic, were cut down about fields 1 
and 2. A few appeared in the plant-beds but did not show mosaic. A 
week later a still larger number of the weeds had appeared and hundreds 
of the P. subgldbrata, including 69 cases of mosaic, were cut out in and 
around fields 1 and 2, particularly in low areas. One colony of Solarium 
carolinense and later a few P. heterophylla plants were also destroyed. 
At this time it was necessary to clean up only the edges of the fields 
and the fence rows since the fields were being thoroughly cultivated. 
An attempt was made to keep the weeds out of a zone 100 feet wide, 
around the fields. It was found useless to pull the weeds by hand and 
the hoe was used. 

The Physalis eradication work was repeated on June 14, June 20, 
June 28, and Jime 29. An abundance of new shoots was found each 
time and a continual effort was necessary to keep them cut down. In 
addition it became evident early in June that horse cultivation could 
not be depended upon to destroy the Physalis between the tomato 
rows and it was necessary to have men go over the fields with hoes at 
least once a week. This campaign was continued until July 19 in field 
2, and until early August in field 1. Eradication of the Physalis proved 
extremely difficult because of its great abundance and the ease with 
which younger shoots escaped detection and also because new shoots were 
sent up promptly from the rootstocks after the older shoots were cut 
off. There was a very considerable percentage of mosaic among the 
weeds. 

In the meantime, field 3 received ordinary cultivation and no special 
effort was made to combat the Physalis which was equally as abundant 
as in the other fields and likewise showed a considerable percentage of 
mosaic. 

The first mosaic on tomatoes was found on July 5, five weeks after 
it was noted on Physalis. A careful inspection of field 2 revealed 12 
cases of tomato mosaic among the 18,400 plants in the field or 0.06 
per cent. These cases were rogued out, but later no attempt was made 
to rogue the diseased tomatoes. The results of subsequent surveys 
to ascertain the relative prevalence of mosaic in the two fields (1 and 2) 
in which an attempt was made to eradicate the weed carriers as com¬ 
pared with the field (3) in which no such effort was made are shown in 
table 1. 

These results show that eradication of the weed carriers exerted a 
distinctly retarding effect upon the inception and development of the 
tomato mosaic epiphytotic, since the infection in field 2 was less than 
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TABLE 1 —Effect of ueed etadicahon ot iotiaio mobavc 


Date 

E\*immed 

1 

Field ^o 1 

Tleed caiiieia 
eiadicated 

Field Iso 2 

Weed caiiieisj 
eiadicated 

Field ISo 3 

Weed camels not 
eradicated 

1 

Iso of plants 
examined 

Pei cent 

mosaic 

No of plants 
examined 

Pei cent 

mosaic 

No of plants 
examined 

Pei cent 
mosaic 

July 6 



18 400 

0 06 



July 19 

22105 

0 12 

18 400 

0 4 



Aug 8 

10 800 

0 33 



5 424 

7 0 

Aug 16 



6 800 

1 0 



Aug 29 

6,400 

0 43 

3 600 

1 8 

1720 

14 2 


two per cent by the last of August while in field 3 it was 7 per cent 
on August 8 and 14 per cent the last of the month An even more striking 
control v-as obtained in field 1, which however was planted about two 
weeks latei than the othei two fields In this field there was only one- 
half of one per cent of mosaic the last of August These results aie 
summanzed giaphically in figure 1 

O.335S 8-8 

0.43^ 8-29 

Percentage of mosaio,field 1« Weeded* _ 

l.Ofo 8-16 

1,8?5 8-E9 

I Percentage of mosaic» field Z» Weeded* _ 

P——————— —— —- 

14.2^ 8-29 

I Percentage of mosaic» field 3« Not weeded 

Fig 1 Tomato mosaic control by suppres&mg the weed comers 

Since these fiields produced throughout September there was no doubt 
a general spread of mosaic after this data was obtained but it is to be 
remembered that it is the mosaic of early mception which causes the 
greatest loss 
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To summarize this attempt to control mosaic in the field, it may be 
said that eradication of the mosaic-carrying perennial weeds in and near 
the plant-beds early in the season and in and around the fields during 
June and July apparently held tomato mosaic in check. Many diffi¬ 
culties are met with in a weed eradication campaign of this sort, chief of 
which is the necessity of repeating the process every few days because 
of the promptness with which new shoots appear. Where the weeds 
are as abundant as in the tomato regions of central Indiana, many shoots 
may be overlooked and thus remain a source of infection. It seems 
entirely feasible for plant growers to destroy these weeds in and near 
the plant-beds and it is indeed highly desirable to wage an active cam¬ 
paign against them in and around the fields during the early part of 
the season. In the canning crop it hardly seems advisable to recommend 
rogueing out the early cases of mosaic tomatoes, and it appears desirable 
to focus attention for the present upon the eradication of the weed 
carriers. 

A means of total eradication of such weeds is much to be desired. 
In this connection it is of interest to note that in a field near Frankfort 
in which Physalis suhglabrata had occurred plentifully in 1919 when 
it was cropped to tomatoes, in 1920 when it was cropped to corn, and 
in 1921 when it was cropped to oats and seeded to clover, very few of 
the weeds could be found in 1922 when the field produced clover hay. 
No doubt the rootstocks were still alive, however, but the weeds appeared 
only in spots devoid of clover such as those marking the location of 
grain shocks. 

As to the persistence of mosaic in the weed carriers, rootstocks of 
mosaic P. subglabrata which were planted in a sunken frame in a garden 
in 1920 and which sent up mosaic shoots in 1921 as previously reported 
(1. c.), again sent up mosaic shoots in May, 1922. Furthermore, a 
rootstock of mosaic P. heterophylla planted in 1921 sent up a mosaic 
shoot in May, 1922. In the field near Frankfort, mentioned above, 
which had not been in tomatoes since 1919, a few cases of mosaic P. 
subglabrata were found in 1922. 

Observations made in 1922 further corroborate our previous observa¬ 
tions in regard to the relation of the weed carriers to tomato mosaic 
(1. c.). The weeds occur abundantly in the fields and are very commonly 
Reefed with mosaic. They have also been found commonly in and 
about plant-beds. Physalis subglabrata and Solarium caroUnense seem 
to be the principal offenders, the former predominating in the richer 
soils of central Indiana and the latter in the poorer soils of southern 
Indiana. 



CAUSE OF SUNSCALD OF BEANS 


H. G. MacMillan 

A scalding of the pods and other parts of the bean plant {Phaesolus 
vulgaris) as a result of exposure to the sun was noted by the author (5) 
in 1918. No constituent of the sun’s light was at that time designated 
as responsible for the scalding. The yearly recurrence of the scald has 
stimulated further study of this problem. Experiments were made 
during the winter of 1922 to determine, if possible, what factor or factors 
caused the scald. Bean plants were grown in the greenhouse and sub¬ 
jected to artificial heat and light. 

HEAT 

Heat is a property of the sun which might cause the scald. It injures 
beans. MacMillan and Byars f6) observed injury to beans caused by 
heat estimated to have reached a temperature of at least 54.4° C. No 
scalding was observed at the time. 

In order to determine the effect of mild heat, the ripening pods of 
beans were exposed to heat radiated from an electric flatiron. Ther¬ 
mometers were placed beside the pods in such positions as to receive 
an equal amoimt of heat. No effect of the heat was observed on the 
pods until the temperature of the thermometer bulb had reached 55.0° 
C., and had been maintained for 0.5 hour. The effect was not immedi¬ 
ately observed but appeared after 24 hours. The surface was dried, 
white to creamy white in color, and eventually much shrunken. No 
brown or discolored areas appeared at any time. The unaffected 
portion of the pod remained as before and reached maturity in. due 
time. No symptom, however, slight, appeared on the heated pods 
which at any time resembled the true sunscald. 

LIGHT 

The harmful effect of light on plants has been noted frequently. 
Maquenne and Demoussy (7) exposed leaves of ivy and fig to the un¬ 
protected light of a mercury vapor lamp for two hours and obtained a 
browning and finally a blackening of the epidermis of the exposed tissue 
They estimated that death of the epidermal cells occurred after 15 
minutes’ exposure to the lamp because of the failure of these cells to 
react to plasmolysing solutions. Stoldasa (10) repeated these experi- 
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ments and obtained a similar result. Other investigators have found 
plant tissues injured by intense light. A great many writers have 
discussed the effect of ultra-violet light on cellular life in the sterili¬ 
zation of water. 

The mercury vapor lamp is presumably the most successful lamp for 
the ordinary generation of light nearest approaching solar radiation in 
quality. As no equipment of this kind was available, an arc light of 
simple construction was employed in the following experiments. A 
wooden frame was made to hold two ^ inch cored carbons and permit 
their temporary adjustment in any fixed position. The ordinary 110 
volt alternating electric current was used as a source of energy. The 
strength of the current was lessened by a rheostat composed only of 
two pieces of common iron baling wire, each 50 feet long, wound into 
spiral form. The carbons were boiled for 1.5 hours in a concentrated 
solution of ammonium-molybdate to increase the quantity of ultra¬ 
violet light omitted. With fairly constant attention this apparatus 
gave excellent service, producing a steady light of considerable intensity. 
The quality of the light is not known, though Schunck (9) says carbons 
treated as these were emit an abundance of light as short as X 2,300, 
In using the light the eyes were always protected by dark glasses. 
Positive sunburn to the face and arms resulted from an exposure of 
0.6 hour at the ordinary working distance. 

The bean pods were exposed to the arc light when they had reached a 
point in their development fairly free from chlorophyll. On a few the 
peduncle end of the pod showed a green color. This is the stage of 
development at which the pods show scalding in the field. The pods 
were exposed to the light at a distance of 25 cm. for periods of 0.5 and 
1.0 hours. It was necessary to choose a time when the greenhouse was 
cool and the ventilation good, in order to maintain a suitable low tem¬ 
perature in the immediate neighborhood of the pods. The arc generates 
a great amount of heat. On such occasions the temperature rose to 
only 26® C. at the surface of the pods, as indicated by thermometers 
exposed near to the pods. 

A change in the appearance of the pods was observed 24 hours after 
exposure, being fainter at first on the pods exposed for only 0.5 hour. 
A faint browning and streaking appeared, which gradually increased 
in intensity during the following 72 hours. It was identical in every 
respect with the normal sunscald, as previously described (5). Bean 
plants with ripening pods exposed to the full sun for 6 hours each on 
March 30 and 31 developed nuld sunscald. The lesions on the arti¬ 
ficially and naturally scalded plants were identical in every respect. 
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Microscopic examination showed the epidermal cells to be affected. 
They had become filled with a brown pigmented substance but appeared 
unharmed in other respects. On the thoroughly whitened pods the 
stomatal guard cells, which now contained no green matter, were also 
affected. The cells did not plasmolyse when treated with strong or 
sugar solutions. 

At the same time pods were exposed to the arc light similar pods were 
likewise exposed, but under the protection of a pane of ordinary window 
glass. No scald appeared in these pods at any time. At the time the 
pods were exposed to the sun on March 30 and 31, other pods were 
similarly exposed, protected by glass, and on them mo scald appeared. 
Ordinary glass is known to be absorptive of light of very short wave 
length. 

The leaves of the plants exposed to the arc light received a similar 
injury to that of the pods. The epidermal cells of the lower surfaces 
were killed and colored a deep brown. The cells of the upper epidermis 
were not so strongly affected. The cells containing chlorophyll were 
stimulated to increased chlorophyll production and became a deep 
green. Gradually, however, the leaves began, to change color. As 
the epidermis was killed the leaf slowly lost water. It became unevenly 
desiccated. The appearance was peculiar in that there were many shades 
of green in no definite relation with regard to position on the leaf or 
intensity in color. The leaf was mottled, but not with the definateness 
of the mottling of bean mosaic. In three weeks’ time the leaf had be¬ 
come well dried and assumed a more general uniform color, though it 
had not fallen from the stem. 

The appearance of the artificially scalded leaves was similar to one 
always observed on a small percentage of bean leaves in the field at 
about the time when sunscald of the pods appeared. Heretofore there 
has been no suitable description for it, and no cause could be assigned. 
It had mostly the appearance of some deviation from mosaic. It is 
now apparent that the leaves were suffering from a natural scalding 
which acted very mildly and over a comparatively long period of time. 

The stems and petioles were likewise browned, having the exact 
appearance of scalded stems as found in the field imder natural conditions. 

DISCUSSION 

The burning of plant cells by chemically active light rays, or light of 
short wave length, has not been much observed in nature. A thick 
atmosphere, especially when holding a large amount of suspended 
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water vapor, is so absorptive of light of very short wave length as to 
practically prevent its reaching the earth. That some light of short 
wave length does penetrate to the lowest levels is attested to by the 
fact that in the tropics cataract of the eye due to coagulation of the 
epidermal layers of eye tissue is frequently encountered among elderly 
people (4), although certain conditions of health may predispose the 
eyes to cataract. In this case, however, the effective wave length is 
apparently above X 2,650. 

The Colorado bean section, at an altitude of 4,700 feet (1,430 meters) 
and with a relative humidity of less than 20 per cent for a few hours 
during the heat of the day, would receive a much larger portion of 
ultra-violet light than those sections at an altitude varying between 
sea level and 800 feet (244 meters) and with a relative humidity of 
from 60 to 80 per cent. Brandenburg (3, p. 862) says that the prevailing 
lack of moisture in Colorado air is favorable to increased intensity of 
the direct rays of the sun. Solar temperatures obtained from a black- 
bulb thermometer in vacuo, exposed to the direct rays of the sun at 
midday, average during the different seasons about 60° F. higher than 
the air temperature. 

The difference in altitude between western and eastern bean-growing 
districts may make the sunscald definitely apparent only in the West. 

The physiology of the action of ultra-violet light on individual plant 
cells seems not to be thoroughly understood. Maquenne and Demoussy 
(8) endeavored to determine this point by comparing the phenomenon 
shown in leaves dipped in water at different high temperatures, in al¬ 
cohol, ether, and chloroform vapors, and injured mechanically, with 
that in leaves sprayed with ultra-violet light. They concluded that the 
brown color is caused by the action of diastase within the cell acting 
on the starches which have been released upon the death of the cell. 
Agulhon (1) finds that ultra-violet light destroys not only the cells but 
also the active products of the cell. The visible light is active on 
diastase in the presence of oxygen; the ultra-violet light is able to de¬ 
compose water, form hydrogen peroxid, and then, in the presence of 
either free oxygen or only hydrogen peroxid, destroy the diastases by 
the phenomena of oxidization. Stoklasa (10) says that the browning 
of leaves exposed to ultra-violet light appears after the protoplasm of 
the epidermal cells is killed by the chemical action of light. Bovie (2) 
subjected egg white and ox serum to ultra-violet light in a quartz tube. 
A coagulum was formed which was similar in all respects to a coagulum 
formed by heat in these same proteins. 
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CONCLUSIONS 

The sunscald of bean pods is caused by light of short wave length. 
It kills the epidermal cells of the pods. 

The leaves of bean plants may be scalded, resulting in indeterminate 
symptoms similar in some respects to mild mosaic. 
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STUDIES ON THE PHYSIOLOGY OF SOME PLANT PATHO¬ 
GENIC BACTERIA; VII. PECTIC FERMENTATION 
IN CULTURE MEDIA CONTAINING PECTIN 

Fbbdekick a. Wolt^ 

The thin central membrane or middle lamella of cell walls is constituted 
of a group of substances known as pectic substances. These pectic 
substances are found in practically all parts of green plants but are 
relatively most abundant in young rapidly growing parts, in fleshy 
roots, as beets, turnips, and artichokes, and in succulent fruits as apples, 
oranges, pears and currants. The common property of causing the 
gelatinization or jellying of fruit juices is in the popular mind, associated 
with pectic compounds, but they are of special interest to the plant 
pathologist by virtue of the fact that invading organisms can pass 
between host cells only after having attacked these substances, pre¬ 
sumably by means of pectic enzymes. 

It is to various biochemists that credit is due for a knowledge of the 
constitution of pectic substances and of their cleavage products. This 
phase of the problem together with an adequate historical treatment 
of the subject are comprehensively dealt with in a recent investigation 
by von FeUenberg (3). It should appear from the terminology of these 
biochemists that the name protopectin fpectose of older writers) is 
applied to the complex mother substance from which the simpler pectic 
compounds are derived. The protopectin of unripe fruits is insoluble 
but through the action of the enzyme pectosinase, during ripenmg, it 
is transformed into soluble pectin. Soluble pectin may then be coagu¬ 
lated to a gel by pectase, provided calcium or some other suitable base 
is present, and this gel then be hydrolyzed by pectinase, to reducing 
sugars or pectinase may hydrolyze pectin directly. According to von 
FeUenberg (3), the pectin complex is composed of mucic acid forming 
groups, methyl pentose, arabinose, carboxyl groups and methyl alcohol. 
The cleavage products could, therefore, be expected to serve weU as a 
source of supply of carbon compounds for certain organisms. 

^ Previous publications in this series have been compiled in Technical Bulletin 20 
of the North Carolina Agricultural Esperiment Station. 
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Phytopathological research may be credited with having clearly 
shown, or at least strongly postulated, the possession by a number of 
fungi and bacteria, of the property of secreting pectic enzymes. The 
organism causing brown rot of stone fruits, Sclerotinia cinerea, may be 
cited as an example of the fungus which effects the decomposition of 
tissues by dissolution of the middle lamella and then assimilates the 
pectin in its own metabolism (4). Among the plant pathogenic bacteria, 
the soft rot of certain vegetables, Bacillus carotcmorus (2) and the black 
rot of crucifers, Bacterium campestre (5) have no doubt been most 
thoroughly investigated as to their pectin relations. 

It may be stated, without including an extensive review of literature 
on technique, which is not pertinent in this paper, that several methods 
have been used to demonstrate pectic enzyme activity by fungi and 
bacteria. In view of our limited knowledge of the quantitative activity 
of enzymes, aU methods perforce are qualitative, some rather laborious, 
and none well adapted to the detection of weakly acting pectin ferments. 
Further, it does not appear that use has been made in any foregoing 
investigation of culture media containing pectin to determine this 
physiological property. A method for its preparation wiU, therefore, 
be described, data on its use recorded and a brief discussion accorded it. 

Methods, A commercial product known as “Certo” prepared by 
the Pectin Sales Co., Rochester, N. Y., was used in the preparation 
of relatively pure pectin. The method employed was essentially like 
that used by Caldwell (1). To this Certo, an equal volume of 95 per 
cent alcohol was added which caused the precipitation of the pectin as 
a gelatinous fibrous rubber-like mass. The brown coloring matter of 
the Certo for the most part remains in the alcohol. This mass of pectin 
was collected on a cheesecloth in a porcelain filter, the alcohol worked 
out of it with a spatula and it was then washed with small quantities of 
fresh alcohol. To further purify the pectiu, it was disolved in as small 
a quantity of warm water as would secure complete solution and re- 
precipitated with an equal volume of 95 per cent alcohol. The mass 
of pectin was again washed, pressed out and washed after which it was 
permitted to dry slowly at a temperature of 70® C. No coloring matter 
remains in the alcohol of the third precipitation. The dry pectin thus 
prepared is a whitish gray mass acidic in character which may be easily 
pulverized and dissolves readily in warm water. 

Bacto-agar containing 18 grains to 100 cc df water or plain bouillon 
containing 1 per cent of Difco peptone, 0.3 per cent Liebig’s beef extract 
and 0.5 per cent NaCl were then prepared as stock culture media. 
To these media, after they had been fiasked, sterilized and cooled to 
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about 60° C., about 1 per cent by weight of powdered pectin was added 
which with agitation dissolved. The reaction was then adjusted to 
pH 7.4 by the addition of strong NaOH solution, and phenol red was 
introduced into the agar media as an indicator. Aseptic precautions 
were observed throughout, maldng unnecessary a final sterilization, 
which would have changed both the hydrion concentration (6) and the 
pectin content. The media were then poured into previously sterilized 
test tubes. After 48 hours’ incubation, in order to insure their freedom 
from contamination, they were inoculated. The following organisms 
were employed; Badllus carotovorus, Bacterium tohacum, Boot, angular 
turn, Bad. sojae, and Bad. campestre. In the liquid media, changes in 
reaction were followed by colorimetric readings at definite consecutive 
intervals. 

Results. Cultures of these several organisms in pectin bouillon were 
first prepared, incubated at 25° C. and the changes induced by each 
recorded in the following table: 

TABLE 1 —Changes in reaclion in pedin boidUon, initial pH 7 4 

Age of cultiares in days and pH 


Organism 

concentration 

Days 


3 

6 

7 


pH 

pH 

pH 

Badllus carotovorus 

5.4 

5.2 

5.2 

Bad. tahacum 

7.0 

6.8 

6.4 

Bad. angulaium 

7.0 

6 8 

6.4 

Bad. sojae 

7.0 

6.8 

6 8 

Bad. campeslre 

6.8 

6.4 

6.0 


Manifestly all of these organisms are able to attack pectin with the 
formation of acid but of them the soft rot organism exhibits the most 
vigorous fermentative action. Since it has been shown in another 
study (6) that when cultured in plain bouillon all cause this medium 
to become progressively more alkaline except in the case of Badlhis 
carotovorus, in which an increase in hydrion concentration is followed 
by a reversal of reaction, it is apparent that this increase in acidity 
comes from the fermentation of pectin. In the light of the findings as 
to the constitution of the pectin complex, acid production can reason¬ 
ably be regarded as posttfiating enz 3 rme activity. 

Pectin agar containing phenol red as an indicator was employed in 
order to check these changes in reaction and provide an ocular demon¬ 
stration of this progressive change. In this medium, the color had all 
disappeared, in stab cultures of Bacillus carotovorus, within 3 days 
whereas there was only a slight change beneath the surface of the agar 
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in the case of the other organisms. By the seventh day, the color had 
disappeared in stab cultures of cabbage black rot, very pronounced 
change had taken place in the cultures of the tobacco leaf disease organ¬ 
isms, but only slight change in the case of the soybean blight. The 
rate of the disappearance of color is thus in accord with the findings in 
liquid cultures. 

Discussion. In the case of organisms which vigorously attack the 
middle lamella of succulent tissues, as is the case with Badlhcs caroto~ 
vorus as demonstrated by Jones (2) and Bact. campestre as demonstrated 
by Smith (5), the solvent action of pectic enzymes is easily demonstrated 
by any one of several methods. For such, the development of additional 
methods for the qualitative determination of pectic enzymes may have 
flo special value. For organisms of the type of the others, whose pectin 
relations are probably like those of the great majority of leaf spot disease 
producers, it is either impossible or difl&cultly possible, because of their 
relatively weak pectin decomposition, to demonstrate pectic enzymes. 
For such, this method is believed to be adapted because of its delicacy 
since a sh'ght increase in acidity can be both easily and readily measured, 
[t should also facilitate a study of the invasion of host tissues by this 
type of organism and of the pathological anatomy. 

Summary. Pectic fermentation may be postulated in culture on 
media containing pectin. Increase in acidity is made the criterion on 
which the presence of pectic enzymes is shown. 
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DAMPING-OFF OF TAPROOTS OF CONIFERS 
Annie E. Rathbun 

Formerly the term damping-off was used to designate primarily the 
death of a seedling which resulted from the attack of a parasitic fungus 
at the soil surface; this caused there a local constriction of the stem 
and later the fall and wilting of the seedling. However, several years 
ago Biittner (1) recognized that root infections were frequent, while 
Hartley (2, 3) in his description of normal damping-off stated that in 
sandy soils root infections are more common than hypocotyl infection 
and that damping-off in nursery beds is in most cases, primarily a root 
rot of some type. These conclusions have been based for the most part 
upon either field observations or artificial infections of coniferous roots 
produced indirectly by the same methods of soil inoculation employed 
in most other damping-off and root rot investigations (2, 3). This 
indirect method does not show for normal damping-off the amount of 
injury which results respectively from root and from hypocotyl infections; 
and it does not indicate the relative degree of parasitism of the different 
fungus species when free from fungous inhibitors and soil. In order 
to secure some information on these points several small direct inocula¬ 
tion experiments with the taproots of seedlings of Finns hankdana 
Lamb., Finns resinosa Ait. and Picea engelmanni Engelm., have been 
conducted by the writer. Inoculation was made while the seed coats 
were still clinging to the cotyledons of the seedlings. The seedlings 
were grown in sand which had been autoclaved and watered with boiled 
water. Three very similar methods of inoculation were used (4). 

The first method was to cut away one-half to two-thirds of a Petri 
dish culture; then to place the seedlings in the Petri dish in such a way 
that the roots were in contact with the inoculum while the stems touched 
only the glass. Both corn meal and prune agars were used. 

A second method was to grow the fungi on rice mush in Erlenmeyer 
flasks. Several grains of the rice plus the spores and mycelium growing 
upon them were transferred to the bottom of a sterile Petri dish. Then 
the seedlings were laid in the Petri dish with the root of each seedling in 
contact with the inoculum at one point. With this method the aeedlmgs 
showed a slight tendency to wilt. 

In the third method in order to overcome this wilting tendency the 
bottom of each Petri dish was lined with filter paper moistened in boiled 
water before the addition of the inoculum. Otherwise this method did 
not differ from the second. 
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Control seedlings were treated similarly to the inoculated ones except 
that sterile rice or agar from the same batch as the inoculated medium, 
was used. Each control and each inoculated unit consisted of ton seed¬ 
lings. The duration of each experiment was four days. 

Before removing the seedlings from the sand each pot was thoroughly 
soaked in boiled water. This allowed the seedlings to be removed 
from the sand more easily and consequently reduced the possibility 
of injury to the root hairs or small rootlets thus checking much of the 
physiological disturbance which otherwise might have resuited. 

The inoculating fungi in these experiments were PytMum deharyanum 
Hesse, Corticium vagum B. and C., Fusarium spp., Botrytis spp. and 
certain miscellaneous fungi.^ Many of them have been tested by Hartley 
(2, 3) in various indirect inoculation experiments and all of them have 
been used by the writer in the direct inoculation of coniferous seeds, 
young radicles, and stems. The results secured from inoculating these 
last three will be published elsewhere. 

DISCUSSION OP BESULTB 

The results of the present investigation are given in table 1. On 
account of the small number of experiments and the failure to secure 
distinctly different results from the different methods, it was thought 
best to present merely a summary of the results instead of comparing 
the relative virulence of the various strains on the different media. 
The fact that the controls of Pinus banksiana and P. resinosa and in 
all but one experiment, those of Picea engelmanni always remained 
free from rot indicates that the rots observed were really parasitic 
effects and not consequent upon the removal of the seedlings from the 
soil. 

Pythivm Deharyanum 

Pythium deharyanum is very parasitic to the taproots of Pinus hank” 
sianUy P, remnosa and Picea engelmanni. There is apparently, so far 
as these experiments show, no significant difference in the susceptibility 
of the three species. The tested strains seem to exhibit approximately 
equal virulence whether they were isolated from coniferous or other 
hosts. Moreover, except for one case with each of two strains they 
were always of approximately equal high virulence. This seems to 
indicate that some other factor, such as inability to maintain themselves 
in the soil until the seeds had germinated, contributed to the difference 
in the virulence of these same strains reported by Hartley (2, 3). It 
is very possible if a larger number of strains had been tested in these 
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experiments, a greater range in virulence variability would have been 
secured. 


Corticium Vagum {Rhizoctonia solani Kuhn). 

IVIany of the Corticium vagum strains were used in only one experi¬ 
ment while others showed great variability in their ability to attack 
coniferous taproots. Two strains were consistently highly virulent and 
two others were consistently non-parasitic to taproots. On the whole, 
Pinus 7'esinosa seemed more resistant than the other two hosts to this 
fungus. However, further experimentation is necessary to establish 
this point. The reason for the apparently greater resistance of Pinus 
resinosa may be the fact that fewer Corticium strains were used on it 
than on either of the other hosts. As far as these experiments show 
the strains isolated from coniferous hosts were not significantly more 
parasitic to taproots of conifers than the strains isolated from other 
hosts. 


Fusarium spp. 

The single tested strains of Fusarium sporotrichioides Sherb., and F. 
arthrosporioides Sherb., apparently equalled the most virulent strains 
of Pyihium deharyanum in parasitism to taproots. Gibberella saidnnetii? 
(Mont.) Sacc. and species of the moniliform section of Fusarium were 
moderately parasitic. There is no evidence to prove that the strains 
of the latter isolated from coniferous hosts were more parasitic than those 
isolated from other hosts. The other species of Fusarium were either 
doubtfully parasitic or non-parasitic. There is some indication, which 
needs confirmation, that Picea engelmanni is less resistant than the 
pines to some of the Fusarium species. 

Miscellaneotis Fungi 

Bheosporangium aphanidermatus Edson equalled Pythium deharyanum 
in ability to attack taproots. The large sclerotial Botrytis, commonly 
called B. dnerea Pers., was decidedly parasitic to the taproots of Pinus 
hanksiana, but gave less evidence of virulence when used on Pinus 
resinosa. Phomopsis juniperovora Hahn was able to attack the tap¬ 
roots of Picea engelmanni and Pinus resinosa while Phytophthora sp., 
was able to attack the latter. Rhizoctonia poiomacensis Wr., which 
may be only a strain of CorUcium vagum, gave some slight evidence 
of parasitic ability while Pythium artotrogus (Mont.) de Bary and Mucor 
racemosiLS Fres. showed no evidence of parasitism. 
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* Three control plates infected in one experiment which was badly overgrown with Mucor sp. 
** Fungi arranged in order of apparently decreasing vimlence to Firm bavJcsiana. 

(a) Identified by Miss Helen Johann. 

0}) Identified by Dr. C. B. Sherbakoff. 

(o) May be a strain of Corlidum vagum according to H. A. Edson who furnished the culture. 
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The fact that with the exception of Fusarium arthrosporioides, no 
fungus which has not previously been reported (2, 3, 5) as a potential 
damping-off parasite caused in these investigations serious decay of 
taproots, seems to indicate that these methods of inoculation really 
do show which species are likely to be most virulent in the field. How¬ 
ever, it apparently shows that some strains especially of Pythium 
deharyanum were formerly considered slightly or non-parasitic because 
of their inability to maintain themselves in the soil or to combat fungous 
inhibitors until the seeds had germinated. Even these less virulent 
strains would possibly do considerable damage in nursery beds if they 
happened to infect the soil at a time when the taproots were young. 
Pythium deharyanum, Corticium vagum, Fusarium sporofrichioides, Bot~ 
rytis dnera and Phomopsis juniperovora have previously (5) been re¬ 
ported as causing, under artificial conditions, more or less serious root 
rot of pine seedlings too old to succumb to the more ordinary types of 
damping-off. The same species have been found virulent on young 
stems and radicles, while both Mucor racemosus and Pythium artotrogus 
have been found to be non-parasitic. Further experimentation is 
necessary to definitely establish the relative susceptibility of the tap¬ 
roots of the above hosts as well as the relative virulence of the tested 
fungi. 

SUMMARY 

1. These direct inoculations of taproots of very young coniferous 
seedlings in Petri dishes seem to indicate that differential results can 
be secured by the use of these methods. 

2. Pythium deharyanum, Rheosporangium aphanidermatus, Fusarium 
arthrosporioides and F. sporoirichimdes are very virulent, under the 
artificial conditions of these experiments, to the taproots of young 
conifers. Since the last three, despite the large amount of diagnostic 
work recently reported (3), have never been found naturally infecting 
coniferous seedlings, P. deharyanum is considered the most dangerous 
parasite of coniferous taproots. 

3. CorUdum vagum, Botrytis dn&ra, Phomopsis juniperovora, Phyto- 
phthora sp., and strains of the moniliform section of Fusarium are 
apparently able to cause considerably decay of coniferous taproots. 

4. Mucor racemosus, Pythium artotrogus and certain Fusarium species 
are apparently non-parasitic to coniferous taproots. 

Opficb of Investigations in Forest Pathology, 

Bureau of Plant Industry, * 

Washington, D. C, 
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THE RELATION OF SOIL MOISTURE TO FORMALDEHYDE 
INJURY OF ONION SEEDLINGS 

P. J Anderson 
With cnv o Figures in the Text 

In controlling onion smut by the application of formaldehyde in the 
furrow, only fairly dilute solutions may be used. If concentrated 
solutions are applied, even though the actual quantity of formaldehyde 
per unit of row is no greater, the seeds fail to germinate. Almost 
from the beginning of the practice of controlling smut in this way, it 
has been customary to dilute the solution by adding 1 pint of the com¬ 
mercial formaldehyde (said to be a 40 per cent solution of the gas in 
water, but usually analyzing less) to 16 gallons of water, thus making 
a solution containing 1 part of formaldehyde to 128 parts of water. 
The standard recommendation now is to apply this dilute solution at 
the rate of 16 gallons to about 3000 feet of drill. For convenience in 
discussion and for ready comparison with other rates of dilution and 
application, this standard may be called “the 1-128-3000 formula.” 
Although smut can be controlled by the use of this formula, the practical 
onion grower finds certain serious objections to the use of so much water. 
It makes the soil so wet that the seed sprout, packing wheel or coverers 
frequently become clogged with mud. A more serious objection is the 
extra labor involved in drawing so much water, in more frequent re- 
fiUing of the tank and particularly the increased weight of the drill 
when so much water must be pushed across the field. Inquiry among 
the growers of the Connecticut Valley onion region brought to light 
the fact that, although the dilution of 1 part to 128 had been recommended 
by the experiment stations for many years, none of them were using it. 
They preferred to use a smaller quantity of a more concentrated solu¬ 
tion even at the risk of killing the seed. Recognizing the futility of 
recommending any longer a formula which the practical grower would 
not use, the Department of Botany of the Massachusetts Agricultural 
Experiment Station started investigations in 1918 with the object of 
determining whether the extreme dilution of the 1-128-3000 formula 
was necessary, and if not, to find what formulas involving less dilution 
could be safely used. The results of the investigation as regards the 
control secured by use of formulas involving more concentrated solutions 
will be presented in a future publication: the present paper will be 
devoted to a discussion of some phases of formaldehyde injury. 
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During the first years of the field investigation it was found that 
concentrated formalus such as 1-64-3200 and 1-50-3000 could be safely 
used with but slight apparent reduction in the percentage of onions 
which came up. When, however, in 1921, the same formulas were 
used on the experimental fields, they caused very decided loss in the 
number of seed which sprouted as compared with the adjacent untreated 
rows. Practically all of the formulas tried caused more or less injury. 
Many growers sustained so much loss from the use of formaldehyde 
that they plowed up the fields and planted other crops. We were at 
first inclined to believe the trouble was due to a difference in the char¬ 
acter of the formaldehyde which was used. Samples of formaldehyde 
were therefore collected by A. V. Osmun and the writer from sixteen 
different sources, including among them samples of the same material 
which we had used during the previous years and which had not caused 
injury. Chemical analyses of the samples revealed no differences in 
composition which were of sufficient size or character to warrant a 
suspicion of their toxic effect. The manufacturers assured us that 
there had been no change in the method of manufacture of formaldehyde. 
The most apparent difference was in the percentage of methyl aclohol 
contained in the various samples. The sixteen samples were next 
tested simultaneously on onion seeds sown in greenhouse benches, 
using for each the formulas 1-50-3000, 1-50-5000, 1-100-3000 and 
leaving untreated rows between the plots. In order to see what effect 
variation in the percentage of methyl alcohol would have, samples 
containing known percentages from 4 per cent to 16 per cent alcohol 
were included in the tests. Without discussing the results in detail, 
it may be briefly stated that(l) the source of the formaldehyde was 
without influence on the percentage of plants which came up, (2) varia¬ 
tion in the percentage of methyl alcohol made no difference, (3) with all 
samples and every formula used, formaldehyde retarded germination for 
a day or two and, (4) with all samples and formulas, formaldehyde 
prevented the germination of a certain percentage of the seed, this loss 
being more apparent when a more concentrated solution was used or 
where the quantity of the solution was increased. The results of these 
experiments eliminated the possibility that the losses of 1921 were 
referable to difference in the character of the formaldehyde. 

Since there had been no differences in the formulas or method of 
application of formaldehyde nor in the treatment of the soil in 1921, 
there appeared to remain only the character of the season itself as a 
possible explanation of the trouble. The character of the spring weather 
could obviously affect the soil—where the injury occurs—in two ways: 
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(1) in the percentage of moisture and (2) in the temperature. The 
experiments described below were undertaken with the object of deter¬ 
mining to what extent the percentage of injury is influenced by variation 
in the percentage of moisture in the soil. The effect of the soil tempera¬ 
ture on injury has not been determined as yet. 

EXPEBIMENT WITH SOIL A. 

Soil A was a typical sandy onion soil of the Connecicut Valley. The 
moisture retentive capacity of this soil was found to be 51 per cent of 
the dry weight of the soil.^ The experiments with Soil A were conducted 
during the winter months in the greenhouse in 8-quart glazed pots 
without drainage openings in the bottom. About an inch of small 
stones was placed in the bottom of each pot, a weighed amount of 
sifted soil added and brought up to the desired moisture content by 
pouring water from above. After settling for a day the soil was worked 
up thoroughly and 100 seeds planted in a circular row in each pot. The 
desired quantity of formaldehyde solution was dripped over the seed 
from a burette and immediately covered. As a check for each treated 
pot a second pot received the same treatment except that water instead 
of the formaldehyde solution was dripped over the seed. All pots were 
brought up to the original weight by addition of water every second day, 
alternating between surface sprinkling and subwatering through a deep 
hole in the center of the soil. The percentage of germination was counted 
at the end of 2 weeks, 3 weeks, and 4 weeks. The results of the two 
sets of experiments with this soil are tabulated below. (Tables 1 and 2.) 

This preliminary experiment indicated that the soil with 11 per cent 
moisture was too dry for good germination, while that with 40 per 
cent was too muddy. Leaving these two out of consideration, iz was 
evident from this experiment that the formaldehyde injury was greater 
in the dry soils and decreased as the percentage of soil moisture increased. 

In the next experiment the extremely dry and wet pots were omitted 
and the intervals in moisture content between pots was diminished. 
The results of the second experiment are presented in table 2 and 
represented graphically in figure 1. 

^ The retentive capacity was determined as follows: Two samples of the soil were 
dried in the electric even at 105 0. for 24 hours, then sifted through a 1 nun. sieve. 
One hundred grains of each sample were then placed in celluloid cylinders of 1 inch 
diameter supported upright on a ring stand and closed at the bottom with filter papm* 
d isk s held in place by pieces of fine cheesecloth over the bottom. Water was poured 
into the top of the cylinders until it saturated the soil and dripped from below. After 
the drip had ceased the soil was found to weigh 151 gms. The same method was 
used for determining the moisture retentive capacity of all soils used in subsequent 
esperiments. 



1923] 


Anderson: Formaldehyde Injury 


395 


TABLE 1 —Results of formaldehyde treatment of onion seeds vnih different 

'percentages of soil moisture 


Percentage 
of soil 
moisture 

Plants up after 2 weeks 

1 

1 

3 weeks 

4 weeks 

Treated 

j 

Check 

Percent 

Loss 

Treated 

Check 

Percent 

Loss 

Treated 

Check 

Percent 

Loss 

11 

0 

0 

0 

0 

21 

100 

0 

25 

100 

17 

12 

84 

86 

33 

84 

61 

33 

86 

61 

23 

10 

80 

87 

36 

84 

58 

40 

84 

63 

28 

37 

70 

47 

54 

72 

25 

54 

72 

25 

33 

33 

64 

49 

47 

68 

31 

48 

68 

29 

40 

19 

64 

70 

37 

74 

60 

38 

74 

49 


This experiment shows more clearly than Experiment 1 that the 
greatest injury is in the dry soil and that the percentage of injury 
decreases fairly regularly with the increase in the percentage of soil 
moisture. Figure 1 also illustrates very clearly the retarding effect 
of the formaldehyde: the difference between the treated and untreated 
rows at the end of two weeks (represented by the uppermost broken 
line) was considerably greater than at the end of three or four weeks. 
This same retarding effect was noted and measured in all the later 
experiments, but is not indicated in the tables presented below. 

EXPERIMENTS WITH SOIL B. 

Soil B had a higher percentage of organic matter and less sand than 
soil A, therefore a higher moisture retentive capacity. By the method 
previously described the retentive capacity was found to be 74 per 
cent. All the succeeding experiments were conducted with soil B. 
For these experiments, regular galvanized iron soil pots of 30 inch 
diameter and 14 inch depth were used. Two ^ inch galvanized pipes 
projected above the soil on opposite sides of pots and were connected 
below by a perforated half-cylinder arm* Water was added on alter¬ 
nate days by pouring down the side pipes and by sprinkling from above. 
All pots were kept up to weight throughout these experiments as in 
the previous ones. 
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Purposes of the experiments with soil B. By the previous experiments 
it has been determined that formaldehyde injury varies inversely as 




ILJERIURNT 2* 

Shovarg loss from f ormldeliyde 
at end of 

2 weeks . 

3 weeks ^ ^ ^ 

4 weeks ■ ...... _ 
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Pig. 1. Graph, showing the deorease*)ui injury with increase in soil moisture. 

the percentage of soil moisture when the 1-50-3000 formula is used. 
It was next desired to find out what the effect would be (1) when the 
formaldehyde is applied in more dilute solution and (2) when a smaller 
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TABLE 2 —Results of treatment of onion seed with formaldehyde {Fotmula 1-60-3000) 

mih different percentages of sod moisture 


Percentage 
of soil 
moisture 

Plants up after 2 weeks 

3 weeks 

4 weeks 

Treated 

Check 

1 . 

Percent 

Loss 

Treated 

Check 

Percent 

Loss 

1 

Treated 

Check 

Percent 

Loss 

12 

1 

66 

98 

6 

68 

91 

10 

69 

87 

14 

5 

81 

93 

14 

76 

84 

25 

76 

67 

16 

9 

79 

88 

20 

SO 

76 

20 

80 

75 

18 

19 

83 

77 

34 

81 

60 

37 

81 

54 

20 

21 

77 

73 

35 

76 

64 

39 

76 

49 

22 

26 

76 

66 

. i 

36 

77 

53 

43 

77 

44 

24 

34 

76 

55 

40 

78 

49 

44 

78 

43 

26 

30 

80 

62 

42 

82 

48 

43 

82 

47 

28 

38 

72 

47 

62 

71 

29 

52 

71 

29 

80 

49 

77 

37 

66 

77 

28 

55 

77 

28 


quantity of tlie 1-50 solution per unit of row is applied. To test the 
&st, the standard 1-128-3000 formula was used and for the second, 
the 1-50-4000 and 1-60-5000^ formulas were tried. A third object 
was to see whether a change in the character of the soil would affect 
the results. 

Effect of percentage of soil moisture on germination of the seed. In 
soil A it was found that the percentage of seed germination fell off 
rapidly below a moisture content of 12 per cent and above 30 per cent. 
Germination within the 12-30 limit was fairly constant and was regarded 
as normal. In soil B, with its higher retentive capacity, the range of 
normal germination was considerably higher. Considering as normal 
only those pots in which the seeds germinated to more than 60 per cent 

1 This formula represents approximately the rate of application used by many growers 
in the Connecticut Valley onion region. They add 1 gallon of formaldehyde to 1 
barrel (50 gal.) of water and distribute this amount over 1 acre of onions. This for¬ 
mula is very convenient in practice and probably owes some of its popularity to that 
fact. 
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Fid. 2. Graph, showing effect of diluting the formaldehyde solution amd of planting 
when the soil wato is low. 

for comparison is therefore doubtful. In considering the lack of ger¬ 
mination in the treated very dry or very wet pots, there was always 

^SSach figure in this column is the average genoination of eight check pots (800 
seeds) for this particular soil moisture in the 8 experiments conducted with Soil B. 





TABLE 3 —Summary 0 / Experimenls 4f 6, Ba^ 6, 6a, 7, 7a. 
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Exp. 7 + 7a 
1-50-5000 

Percent 

loss 

1 

Dif. from 
av, ck. 

1 1 j rH t-H 

Av. 

Germ. 

1 ooowAfjt^oiocoot;© 

I looDOcor-t^kOoo 

08 

<0 0 

4 

Percent 

loss 

l kC«Cq«DOW3COOpi>CO 
|CS|«0'^T-4CSi TtHOO 

Dif. from 
av. ck. 

1 Cv|COeOr-llC'^CO^t>-'^ 

1 CO CQ T—1 r-1 1 1-^ 

Av. 

Germ. 

1 CO^CDtOt^COuScO 

eS 

^ 52 
+ 0 

CQ 

Percent 

loss 

OCOOICCOC^W rTlCQ-^ 

- 1 17 

Dif. from 
av. ck. 

“ss8 sasa'"778 

Av. 

Germ. 

OOCDasQCS|lOI>OQO(M 

Cqcoi040«DC025»C'^ 

Exp. 4 -j- 4a 
1-128-3000 

Percent 

loss 

O'^^I>OC01>i0iCOO 

0 T—IrHiHCN’^OOt^ 

Dif. from 
av. ck. 

OOTHCOCOt^OCQI>COCOC<l 

1 —t r-t r-* Cs CQ 

Av. 

Germ. 


Av. Ger¬ 
mination 
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in the writer’s mind a question as to whether the injury was due to the 
condition of the soil or to the formaldehyde treatment. Although the 
data for all moisture percentages which were tried is presented in table 
3, it is probably safest to use the results of only those between 24 and 
44 per cent in drawing conclusions. 

Methods for experiments 4, 4o>y 5^ 5a, 6^ 6a, 7, 7a. The four formulas 
1-128-3000, 1-50-3000, 1-50-4000 and 1-50-5000, were tested in soil 
ranging at intervals of 4 per cent from 16 to 56 per cent. For each 
treated pot there was one check pot of the same moisture content and 
treated in the same way throughout the experiment except that water 
instead of formaldehyde was applied to the seed when planted. Each 
experiment was repeated and.each of the figures in table 3 represents the 
average of duplicate experiments. Percentages of germination were 
recorded at the end of 2 weeks, 3 weeks and 4 weeks as in the previous 
experiments, but only the results at the end of 4 weeks are given in 
table 3. The percentage of loss in each case is computed from the 
difference between the average germination of the two treated pots 
and the average of the 8 check pots. It is believed that the average 
of the 8 gives a more accurate basis of comparison than merely the two 
which were used for that particular experiment. 

Discus^on of results. (1) As will be seen by inspection of table 3 
and more readily perhaps in the graph (Fig. 2) the results of the experi¬ 
ments with the 1-60-3000 formula confi.rm our previous conclusion that 
the amount of injury varies inversely as the moisture content of the 
soil. The maximum injury was not as high as for the experiments 
with soil A. This may have been due to a difference in the character 
of the two soils, but additional experiments are necessary before any 
certain conclusions on this matter can be drawn. (2) When the amount 
of the 1-50 solution per unit of row is reduced, as in the 1-50-4000 and 
the 1-60--5000 formulas, the amount of injury in the dry soils is reduced 
proportionately. (The effectiveness of the solution for the control of 
smut is probably reduced in the same ratio.) (3) When the actual 
amount of formaldehyde per unit of row is kept constant, but the 
dilution is increased, the injury in dry soils is diminished. Thus 
with the 1-128—3000 formula the injury in a dry soil is no greater thn-n 
in more moist soils; in fact the results of experiments 4 and 4a seem to 
indicate that there is less injury in dry soils. This apparent increase 
in injury with increase in soil moisture may be partly explained in th i s 
case by the deleterious effect of the addition of so much water to the 
more moist soils at the tune of planting the seed. This was apparent 
when these pots were compared with their own checks instead of with 
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the average of the eight. As far as effective control is concerned these 
results vindicate the standard 1-128-3000 formula as the safest one to 
use. 


TIME OF THE INJUKY 

At what time after the seed is planted is the injury produced? This 
question is of considerable practical importance as will be indicated 
below. There would seem to be three possible answers: (1) The seed 
may be injured or killed immediately or within a few hours after planting 
by coming in contact with a fairly concentrated solution. (2) Injury may 
result from the repose of the seed for several days in a formaldehyde- 
soaked soil. (3) The inj ury may be due to the action of the formaldehyde 
on the young radicle and cotyledon when they emerge from the seed 
three or more days after planting. If the first of these three possibilities 
is the true explanation, then the amount of injury may be predicted 
from the condition of the soil on the day when the seed is planted, i. e., 
the weather conditions immediately preceding the planting day will 
determine the amoimt of injury. If, on the other hand, either of the 
other two is the true explanation, the percentage of injury may be 
greatly influenced by weather conditions subsequent to the day of plant¬ 
ing; e. g., a heavy rain occurring the next day after planting might 
dilute the formaldehyde to such an extent that injury would be greatly 
reduced or prevented. 

In order to determine this point the following experiment was con¬ 
ducted: Six rows of onions were planted in a greenhouse bench in the 
usual way. Half of them were treated with formaldehyde according 
to the 1-50-3000 formula, the other half being left untreated. At the 
same time on each succeeding day, 100 seeds from the treated rows 
and 100 seeds from the untreated rows were dug out, washed for an 
hour in running water to remove formaldehyde and then planted in 
another part of the bed in new soil. The ground during the experiment 
was fairly dry, but the percentage of water was not determined. Four 
weeks after the experiment* was started the seedlings which had come 
up were counted. Table 4 below shows the results: 

The average difference in viability between the treated and untreated 
seeds is 13. The difference was not less when the transplanting was 
done one day after treatment. There is no evidence here of an increase 
in injury with the length of time during which the seed remained in the 
formaldehyde-soaked soil. This experiment indicates then that the 
injury is caused directly to the seed on the day of treatment. 
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TABLE 4— Experiment 3; showing the number of treated and untreated seeds which 

germinated after washing and transplanting 


Days between 
planting and 
digging 

Treated 

Check 

Difference 

1 

60 

76 

16 

2 

49 

52 

3 

3 

65 

79 

14 

5 

55 

73 

18 

6 

58 

81 

23 

7 

73 

77 

4 

8 

63 

75 

12 


PRACTICAL APPLICATION OF THE RESULTS 

When the soil is very dry it is not safe for the grower to use as con¬ 
centrated a formula as 1-60-3000. If, however, the soil is fairly wet 
on the planting day, he may save considerable labor and time by using 
a concentrated formula and at the same time he will sustain no more, 
or at least little more, loss of seed than if he used a dilute formula like 
1-128-3000. With some practice he could probably learn to guage his 
formula of applioaltion according to the condition of the soil on that day. 
It is not likely that the weather of succeeding days will influence the 
results. If the soil is extremely dry and dusty, it is safest to use a 
dilution approximating the 1-128-3000 formula. Since there is always 
some loss from the use of formaldehyde, the grower should plan to use 
more seed per acre than on fields where smut is not present. Some 
growers have told the writer that they have practised this in past years. 

SUMMARY 

1. Any application of formaldehyde which is strong enough to control 
smut also causes a certain percentage of the seed to fail to germinate. 

2. When a concentrated formula like 1-60-3000 is used, the amount 
of injury depends on the moisture condition of the soil. Injury varies 
inveraely as the percentage of moisture. 

3. The amount of injury may be reduced by diminishing the amount 
of the solution applied per unit of row, but the percentage of smut 
control is reduced in the same ratio. 

4. The amoimt of injury in a dry soil may be reduced by increasing 
the dilution of the formsddehyde without at the same time reducing 
the actual amount of formaldehyde per unit of row. 
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5. The amount of injury can be predicted from the moisture condition 
of the soil on the day of planting. It is not affected by weather condi¬ 
tions during the subsequent days. 

6. The grower could save time and labor by changing his formula 
according to the soil condition at the time of planting. 

7. More seed should be applied when formaldehyde is used. 

Department of Botany, 

Mass. Agr. Exp. Sta. 



SEVERITY OF ATTACKS OF BLACK STEM-RUST 
IN DENMARK, 1884-1921 

Hans R. Hansen 

Many observations made in Denmark by growers for more than a 
century show that the interplay existing between black stem-rust 
{Puccinia gramims) and barberry is the cause of the widespread and 
destructive attacks of the former. Gradually as more and more evidence 
of the guilt of the barberry was produced, the campaign for and against 
the eradication of that plant waged hotter and hotter. Even after 
scientific tests had confirmed the evidence of the practical man, the 
fray continued and was fiercest among the fanners themselves. 

In 1869 an attempt was made to exterminate the barberry by law, a 
paragraph in the Enclosure Act of March 6. However, it is certain 
that this paragraph was seldom put into effect, for barberry bushes 
continue to exist in great numbers and the black stem-rust to destroy. 
By untiring efforts for many years, Professor E. Rostrup makes clear 
the importance of exterminating the barberry. He collects evidence 
of the attacks of black stem-rust co-existing with the barberry bush in 
various sections of Denmark and publishes the facts in annual reports 
from 1884. During the nineties Rostrup estimates that the damage 
caused by stem-rust amounts to about 10 million kroner annually. At 
length he succeeds in promulgating a measure forbiddmg all cultivation 
of the barberry bush in Denmark outside of botanical gardens. On 
March 27, 1903, the measure becomes a law which goes into effect in 
1904. At present the barberry bush may be said to have totally dis¬ 
appeared, even though a stray bush or two may be occasionally found in 
gardens. Simultaneously with the disappearance of the barberry bush 
the severe attacks of rust have also ceased. 

The annual reports on plant diseases issued first in 1884 by Professor 
Rostrup, later continued by Professor Kolpin Ravn and now by the 
Phytopathological Experiment Station give a summary of the severity 
of the attacks of each year. According to these reports the attacks may 
be grouped into 3 classes: great damage in large sections of the country, 
sporadic appearance without importance, and very seldom found. In 
the second column of the table the severity of the attacks in the years 
1884-1921 is shown. 
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TABLE 1 —Seventy of attacks of black atemrrmt and dn/malv: conditims of the summer 


Year 

Severity of 
attacks 

Deviation from 
average pre¬ 
cipitation 
in pCt 

Deviation from 
average 
temperature 

Deviation from 
average 
cloudiness 
(0—10) 

1884. 

o 

-5- 88 

+0,9 

-5-1.7 

1886. 

o 

-i- 62 

■i-1,6 

-^■0.5 

1886. 

o 

90 

-5-1,6 

-^•0.7 

1887. 

© 

-!-140 

0,0 

+1.2 

1888. 

o 

+120 

-5-4,2 

+3.1 

1889. 

© 

+ 24 

+2,8 

-M,4 

1890. 

G 

+ 91 

-5-2,6 

+2.6 

1891. 

G 

+122 

-M,l 

1 +1.7 

1892 . 

G 

+ 39 

-5-2,9 

+0.6 

1893 . 

C 

-4- 42 

+1,9 

0.0 

1894. 

© 

+ 37 

+0,3 

+1,3 

1895 . 

© 

+ 66 

^0,3 

+1,9 

1896 . 

© 

-f- 49 

+3,4 

+0,2 

1897. 

© 

+ 24 

+3,4 

+0,9 

1898. 

G 

+ 87 

-^3,0 

+2.2 

1899. 

C 

-M67 

+1,7 

-^1.9 

1900. 

G 

+ 26 

+1,8 

+0.1 

1901. 

© 

+ 10 

+3,2 

-5-0.1 

1902. 

C 

+ 4 1 

4-5,0 1 

+2.5 

1903. 

G 

4- 61 

-5-2.1 

-1-2.6 


Barberry Law pa&sed 1903 


1904. 

G 

-5-113 

•5-0,6 

4-0.9 

1905. 

C 

+ 36 

+2,7 

+1,0 

1906. 

C 

-5- 40 

+1,0 

+0.4 

1907. 

<C 

+ 84 

-1-5,3 

+4.6 

1908. 

(D 

-5- 9 

+0,6 

+0,6 

1909. 

G 

-5- 2 

4-3,7 

+4.0 

1910. 

(D 

+100 

+2,2 

+0,8 

1911. 

(C 

-5- 31 

+2,4 

4-1.4 

1912 . 

C 

+ 90 

+0,4 

+2,4 

1913. 

O 

-5- 89 

4-1,9 

1 +0,3 

1914. 

G 

-T- 49 

+4,4 

4-0.6 

1916. 

G 

-5- 54 

4-1,6 

+2.5 

1916. 

© 

+ 70 

4-3,0 

+3,6 

1917. 

C 

-5- 13 

+4,7 

4-0.4 

1918. 

G 

-5- 19 

4-1,9 

+1.7 

1919. 

(D 

-5- 16 

4-3,3 

+2.9 

1920. 

G 

-5- 34 

-5-0,4 

+2.1 

1921. 

O 

-5- 87 

4-0,8 

4-0,6 


0 Great damage in large sections of the country. 
O Sporadic appearance without importance. 

C Very sddom foiind. 
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The years 1889, ’94, ’95, ’96, ’97 and 1901 show many severe attacks 
while the intervening years show few, unimportant attacks, and the 
years subsequent to 1901 no severe attack whatsoever. 

It is certain that the summer climatic conditions, (June, July and 
August), as well as the climatic conditions of March and April, which 
determine an early or late sowing and a consequent early or late maturity 
of the cereals, are important factors in the spread, germination and 
infection of the rust spores. Late sowing, copious precipitation, low 
temperature and much cloudiness during the summer cause late maturity 
and consequent good conditions for a severe attack. Table 1 shows the 
climatic conditions of June, July and August; the figures for the separate 
months are added. From this we see that years, during which there 
were severe attacks of Pucdnia graminis, contain one or many points of 
similarity. 

Precipitation: above normal in 1889, ’94, ’93, ’97 and 1901. 
below “ “ 1896. 

Temperature; above normal in 1889, ’94, ’96, ’97 and 1901. 

below “ ‘‘ 1895. 

Cloudiness: above normal in 1894, ’95, ’96 and ’97. 

below “ “ 1889 and 1901. 

1889—Early sowmg; drought in the early summer; the subsequent 
copious precipitation caused uneven ripening; very late harvest. 

1894— ^Early sowing; late harvest due to the climatic conditions of the 
summer. 

1895— ^Rather early sowing; harvest slightly later than normal. 

1896— Late sowing; early harvest. 

1897— ^Late sowing in unsuitable soil; harvest somewhat later than 
normal. 

1901—^Very late sowing; severe attacks of frit-fly (Oscinis frit); harvest 
at normal tune. 

Either early sowing, unfortunate climatic conditions during ripening 
and late harvest, or late sowing, often in unsuitable soil, unfortunate 
climatic conditions during the early part of the summer, but harvest 
at the normal time, afford good conditions for attacks of black stem-rust. 

Conditions similar to those mentioned above characterized the years 
1903, ’05, '10, ’12 and ’16. 

Precipitation: above normal in 1903, ’05, ’10, ’12 and ’16. 
Temperature: above normal in 1905, ’10 and ’12. 

below “ “ 1903 and ’16. 

Cloudiness; above normal in 1903, ’05, ’10, ’12 and ’16. 

1903—^Early sowing; unfavorable harvest weather, late harvest. 
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1905—Late sowing; very severe attack of frit-fly; copious precipitation 
in August; late harvest. 

1910—Early sowing; severe drought in the early summer; harvest at 
normal time. 

1912—Late sowing; copious precipitation; much of the crop lodged; 
late harvest. 

1916—^Early sowing; germination in unsuitable soil; cold damp summer; 
late harvest. 

On the whole these 5 years seem to reveal similar conditions, for the 
attacks of black stem-rust, to those in the 6 years referred to above during 
which very severe attacks of the disease were noted. Nevertheless no 
severe attacks of black stem-rust were observed during the period 1902— 
’21. The only possible reason for this lies in the absence of sources of 
contagion, and a careful 38 years’ search of the country shows only one 
main soiuce—the barberry bush—now practically eradicated. The 
few stray bushes hidden away here and there are of no importance in 
this connection; even though, wherever found they should Jje rooted out 
without mercy. 

It is impossible to reach these results by rational experiments in a 
country where we may safely say that every spot is infected with black 
stem-rust; however, if we may consider all of Denmark as a single 
experimental plot, we have sufficient proof that the eradication of the 
barberry bush is synonymous with exemption from the destructive attacks 
of black stem-rust. 

Lyngbt, Denmark. 



ELIAS JUDAH DURAND 

R. B. HA.RV38Y 
With Plate XVIII 

Dr. Elias J. Durand was born at Canadaigua, New York, March 20, 
1870, and died at St. Paul, Minnesota, October 29, 1922. He received 
the degree of A. B. (1893) and of Doctor of Science (1895) from Cornell 
University. As Fellow, Assistant and Instructor in Botany he served 
his Alma Mater from 1893 to 1910. In the latter year he went to the 
University of Missouri, where he remained as Associate Professor of 
Botany until 1918. From 1918 to the time of his death he was Professor 
of Botany at the University of Minnesota. 

While Dr, Durand's contributions to botanical science have covered 
a wide range of subjects, he is best known to his colleagues in botany, 
both in this country and abroad, for his work in the field of mycology 
and especially as an authority on the Discomycetes. 

Dr. Durand’s herbarium has been deposited in the mycological 
collections of Cornell University, Ithaca, N. Y. It contains 12,087 
specimens of Discomysetes fully indexed and classified with indexed 
notes on all of the specimens. There are also in the collection 6000 
microscopic slides prepared from specimens and arranged to facilitate 
comparison of microscopic characters of the herbarium specimens. 

Dr. Durand’s publications, while principally in the field of mycology, 
have included articles on the Bryophyta and a Laboratory Outline of 
General Botany which has run thru five editions. 

In his death, botanical science has lost a faithful scientist, an inspiring 
teacher, and a kindly personality. 

PUBLICATIONS OP DR. ELIAS J. DURAND 

Buxbaumia indusiata Bridel in central New York. Bull. Torr. Bot. Club. 21: 38, 39. 
figs. SS Ja. 1894. 

Spoxangial trichomea in certain ferns. Bull. Torr. Bot. Club. 21: 408. 1894. 

Some rare Myxomycetes of central New York with notes on the germination of Bnteri* 
dium Rozeanum. Bot. Gaz. 19: 89-95, tab. 1894. 

Structure of pseudoparenchyma. Bot. Gaz. 22: 249. 1896. 

A disease of currant canes C!cmell Univ. Agric. Exp. Sta. Bot. Division, BuU. 126: 
21-38, 1897. 

A washii^ apparatus. Bot. Gaz. 27: 394-395, iUus. 1899. 

The classification of the fleshy Pezizineae with reference to the structural characters 
illustrating the bases of their divieion into families. Bull. Torr. Bot. Club, 27: 
463-494, tab. 1900. 
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Some further observations on Buxbaumia. Bryologist 4: 32-33. 1901. 

Studies in. North American Discomycetes. I. The Genus Holwa3ra Sacc. Bull. 

Torr. Bot. Club, 28; 349-355, tab. 1901. 

Dacryopsis EUiaiana Massee . Bull. Torr. Bot. Club, 28: 646. 1901. 

The Genus Angebna. Joum. of Mycol.., 8: 108-109. 1902. 

Studies in North American Discomycetes, II. Some new or noteworthy species from 
central and western New York. Bull. Torr. Bot. Club 29 : 458-465. 1902. 
The genus Sarcosoma in North America. Joum. of Mycol., 9: 102-104. 1903. 

Three new species of Discomycetes. Joum. of Mycol., 10: 99-101. 1904. 

Peziza fusicarpa Ger. and Peziza senutosta B. et C. Joum. of Mycol. 12:28-32. 1906. 

Sporangial trichomes. Pem. Bull. 14: 20, 1 Mr. 1906. 

The mycologieal writings of Theodor Holmskjold and their relation of Peisoons Comen- 
tatio. Joum. of Mycol., 13: 141-143. 1907. 

Origin of the hymemum in some Geoglossaceae (Abstract). Science, N. S., 26: 262. 
1907. 

The development of the sexual organs and sporogonium in Marchantia polymorpha. 

Bull. Torrey Club 36: 321-335. pL 21—IBS. 30 Jl. 1908. 

The Geoglossaceae or Earth Tongues of North America*. (Annal. Mycol., 16: 387-477 
tab. 1908. 

The Geoglossaceae of North America. Ontario Nat. Sci. Bull. 5: 22-23. 1909. 

The perithecium of Ascomycetes. Bot. Gaz. 48: 1. 1909. 

A discussion of some of the principles governing the interpretation of pre-Persoonian 
names, and their beanng on the selection of a starting point for mycologieal 
nomenclature. Science N. S., 29 : 670-676. 1909. 

The differential staming of intracellular mycelium. Phytopath. 11: 129-130. 1911. 
The genus Keithia. Mycol. 6: 6-11, pi. 81. 1913. 

Encalypta lacinata in central New York. Bryologist 22: 13. Mr. 1919 
Peziza proteana var. sparassoides in America. Mycologia 11: 1-3 pi. 1. Ja. 1919. 
(D. 1918) 

New or noteworthy Geoglossaceae. Mycologia 18:184-187. My. 1921, 

The genus Catinella. Bull. Ton*. Club 49: 16-21. Ja. 1922. 

Outline for use in Laboratory Practice in a course in General Introductory Botany 
5 editions. 

Department op Botany, 

University op Minnesota 
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Plant duease survey of England and TFaZes: This series of publications 
was briefly mentioned over a year ago. (Phytopathology 11: 376, 1921). 
The report for the years 1920 and 1921 is just issued as Miscellaneous 
Publication No. 38, of the Ministry of Agriculture and Fisheries, 10, 
Whitehall Place, London. 

The two years were as different in climate as any two seasons ever 
are, hence the report is of especial interest. Three hundred and ninety 
one diseases are listed with notes on occurrences, severity of attack, 
relation to weather, etc. Weather charts accompany the report. This 
is the fourth report to be issued, the series covering the years 1917 to 
1921, inclusive.— Peeley Spaulding. 

Personals. Dr. James R. Weir, who for the past ten years has been 
in charge of the field investigations of the Office of Forest Pathology, 
Bureau of Plant Industry, for District 1 of the XJ. S. Forest Service, 
(Montana, Idaho, Western Washington, Western Oregon, South Dakota, 
Minnesota, and Michigan) with headquarters at Missoula and Spokane, 
has given up this position and is now directing the work of Pathological 
Collections in the same Bureau. This Office deals with the classification 
of fungi and maintaiaiag the extensive mycological collections of the 
U. S. Department of Agriculture. In the immediate future Dr. Weir 
will accompany the Bureau expedition to the headwaters of the Amazon 
and other South American regions, as pathologist in rubber investiga¬ 
tions. The expedition sailed from New York in July. 

Dr. H. H. York, Pathologist in the Office of Forest Pathology, Bureau 
of Plant Industry, U. S. Dept. Agr., has accepted the position of Forest 
Pathologist, Division of Forest and Lands, Conservation Commission, 
Albany, N. Y,, beginning July 1, 1923. For the present he continues 
work upon the white pine blister rust but other forest disease work will 
be taken up later. 

A special institute for phytopathology has been founded at the Land- 
wirtschaftliche Hochschule Bonn-Poppelsdorf, and Dr. B. Schaffnit 
has been made professor in charge. 


The August nwriber of Phytopalhology was issued September 8, 1928. 
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THE MELANCONIS DISEASE OF THE BUTTERNUT 
(JUGLANS CINEREA L.)^ 

Abthxth Habmount Gbavbs 
With Platbs XIX and XX and 5 Figxibbs in the Text 

ESTTRODTJCTION 

For about twenty years the writer has been particularly interested 
in the general pathological condition of the butternut, {Juglans dnerea 
L.). During this period several trees in Connecticut of various ages, 
on which observations were made from year to year, have finally died, 
and others have been gradually growing weaker. (PI. XIX, figs. 1, 2). 
Previous to a note by the writer, in 1919, (8) there was no mention in 
the literature of any serious trouble; although the leaf spot caused by 
Gnomonia leptostyla (Fr.) Ces. and De Not,, (the perfect stage of Mars- 
sonia Juglandis (Lib.) Sacc.) has been reported to sometimes cause 
considerable damage (14, 19), and also the basidiomycetous wood- 
rotting fungi doubtless do not neglect this tree (14). 

A thorough investigation of the cause of the trouble was begun in 
the summer of 1918, during a survey of diseases of trees in Greater 
New York. In this region, and in the same year in Pennsylvania and 
Maryland, the butternuts were in such a weakened condition as to compel 
attention. At this time the acervuli of an imperfect fungus, Melanconium 
dhlongum, were found to be of quite general occurrence on the dead 
branches, and this organism was therefore tentatively assumed to be the 
cause of the trouble, particularly when greenhouse experiments with 
healthy twigs inoculated with the fungus in question gave positive 
results. 

DISTRIBUTION AND ECONOMIC IMPORTANCE OP THE DISEASE 

In many of the excellent “tree books” now current, one finds stat^ 
ments like the following:— 

“Trees of the same age are apt to vary in vigor and size, dead branches 
are likely to appear early, and sound trees 8 or 10 inches in diameter 
are seldom seen;” (5) or, 

I Brooklyn Botanic Garden Contrfbutioits, No. 31. 
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“While the butternut is often a very attractive tree as seen growing 
spontaneously, it is not to be depended upon for ornamental planting, 
as it is very apt to develop dead branches which interfere with its 
symmetry. Good-sized trees, even when growing under favorable 
conditions, generally show this disfigurement, and larger trees are very 
likely to die completely before they attain any great size.” (7)^ 

Dr. G. P. Chnton tells us that he has noticed the weakened condition 
of the butternut in Connecticut for a number of years, and calls attention 
to it in a recent bulletin (4), citing the work of the writer. Dr. L. O. 
Overholts, who recently collected the causal fungus in the mountains 
near Pennsylvania State College, writes that it “certainly has the 
appearance of being parasitic in this instance.” Prof. J. Franklin 
Collins has noticed sickly trees in Rhode Island, and in 1922 sent us 
specimens of both perfect and imperfect stages of the fungus. Dr. C. 
H. Kauffman writes that he has made collections in Now York and 
Maryland; and likewise Dr. A. S. Rhoads, in New York. 

This testimony, taken in connection with the observations of the 
writer in Connecticut, New York, Pennsylvania, and Maryland, and 
with his study of exsiccati (p. 415) of the fungus in question, i. e. Melan- 
conium oblongum Berk., and its perfect stage Melanconis Juglandis 
(E. & E.) comb, nov., on butternut, certainly justifies the conclusion 
that the disease is widespread, and very probably extends over the 
entire natural range of the butternut. 

The disease is important per se, because it eventually brings about the 
death of the tree, although its progress is slow. During its course, 
more and more twigs and larger branches are killed, and this means, 
naturally, a progressive loss in the total photosynthetic activity. Typical, 
rather young trees, about 30 years of age, have been noted in the forest 
with approximately one third of all their large branches dead. Such a 
loss cannot fail to have a reactionary, weakening effect on the whole 
tree. But many trees have also been observed which are almost entirely 
dead while still young (10-20 years). Older trees with only a few living 
branches remaining are common. (PI. XIX, fig. 2). In general, taking 
into account the shortening of the life of the tree as well as its slower 
growth due to this disease, we may perhaps estimate the loss of normal 
healthy growth of butternut timber to be somewhere between 30 and 
50 per cent. 

^The following extract from a letter from Dr. Robert T. Morris, the well-known 
nut eulturist, is of interest: "Over the greater part of Connecticut when 1 was a boy 
we had magnificent butternut trees, and on my coxmtry place at Stamford the last 
one of the majestic ones is now dead. Most of '&e younger generation died before they 
were thirty years of age, many of them at fifteen or twenty years.” 
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We do not believe however, that there is danger of disappearance 
of the butternut, due to the activities of the fungus associated with this 
trouble, as has been claimed. (13) The disease ordinarily progresses so 
slowly that there is ample opportunity for reproduction of the tree and 
thus for perpetuation of the species. 

But while the present paper is confined mainly to the disease in its 
relations to the butternut, the trouble is of vastly greater significance 
in its potentiality with regard to other species of Juglans. The fungus has 
been collected by the writer on Juglans nigra, one of our most valuable 
species of hard woods, and preliminary work (p. 431) has shown that 
other species of Juglans are susceptible. 

From a larger, practical standpoint, the economic importance of the 
disease in the butternut is bound up with the economic value of the 
butternut tree itself.^ 

Besides its timber, which is much esteemed for certain purposes, the 
tree has several well-known minor uses (13, 17), so that a disease which 
seriously threatens it should be regarded as of considerable economic 
importance.^ 

SYMPTOMS OF THE DISEASE 

It should be emphasized first of all that the progress of the disease, 
in typical cases, is very slow. No sudden wilting of the leaves occurs 
—^nor does any well marked lesion or canker, as in the chestnut blight, 
develop on infected branches. 

From observations extending over a period of three years made on 
62 trees in various localities in Connecticut and New York, the course 
of the disease is essentially as follows: small branches, either from the 
sides of the trunk, or from a larger branch, die slowly in basipetal suc¬ 
cession, the disease to all outward appearances proceeding from the 
distal end of the branch toward the trunk. If this happens during the 

^ A botanist of some standing, in the course of a conversation with the writer about 
this disease, remarked that our country could well get along without the buttemut. 
With the same line of reasoning one may argue that many of our native timber trees of 
secondary commercial importance may be dispensed with, and thus eliminate them, 
one by one. But we are losing all of our chestnut, a tree of the first magnitude; the 
white pine, the most valuable coniferous species in the Eastern United States, is seriously 
threatened; and because of the increasing scarcity of bettmr woods many species formerly 
considered of minor importance, are coming into service, and have a constantly rising 
value. Certainly this policy of laissez-faire as voiced by om colleague, is greatly to 
be deplored and is diametrically opposed to the principle of conservation. 

* Butternut is included in the list of 100 important eastern forest trees in “Im¬ 
portant Forest Trees of the Eastern United States.” U. S. Dept, of Agr. Dept. Cir. 
223. 1922. 
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growing season, the leaves of the branches in question turn yellow 
gradually and drop off—^in such slow succession, however, as to pass 
unnoticed by the casual observer—or the gradual death of the branch 
may occur in the leafless season. The bark of the dying branches changes 
from its natural dark greenish brown tinge to a reddish brown and finally 
a dull gray. Soon it becomes studded with small, dark, smooth papillae, 
which at length burst open exposing the black pustules or acervuli of 
the fungus, (PI. XX, figs. 3, a, b, c). A year or so later all that remain 
of the pustules are small rounded or irregular holes in the loose outer 
bark (PI. XX, fig. 7). 

The disease is characterized by a succession of new, rather short 
branches which die in their turn, developing farther and farther down the 
main branches or leaders. Occasionally a crown of short lived suckers 
which soon become infected, appears on the trunk itself. In the last 
stages of the disease the tree is marked by the bare, gray, weathered 
wood of dead branches in the upper part, giving a characteristic stag¬ 
headed aspect (PL XIX, fig. 2). At this period, too, basal shoots often 
arise which soon become infected. 

THE FUNGUS 

Synonymy 

In its imperfect form, the fungus associated with the disease has 
been known since Berkeley first described it from specimens from the 
United States in 1874 (2) as Melanconium oblongum. This is the stage 
which is usually found on diseased butternut and other species of Juglans. 
In 1893 Dr. Shear collected another form in close proximity to the 
conidial form on dead branches of butternut, and according to a note 
by him in the herbarium of the New York Botanical Garden, he believed 
it might be the perfect stage of Melanconium oblongum. In the same 
year EUis and Everhart named this form Diaporthe Juglandis from Shear’s 
material, citing his collection. Since the writer, by culture work (p. 420), 
has established beyond question that Diaporthe Juglandis E. & E. is 
the ascogenous stage of Melanco7iium oblongum, it seems advisable to 
assign the fungus to the genus Melanconis of the family Melanconidaceae, 
for this group is characterized by superficial conidia (except in Valsaria) 
of the type of Melanconium. Melanconis carthusiana Tul. was long ago 
(12) connected with Melanconium juglandinum Kze., which is of 
common occurrence on Juglans regia in Europe. This conidial form is 
quite similar to Melanconium oblongum, but a careful examination and 
comparison of exsiccati of the two forms has convinced us that they are 
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distinct. The following new combination is therefore proposed for this 
American species of Melanconis, and a description is here added to 
supplement the characterization of Diaporthe Juglandis by Ellis & 
Everhart. (6) 

MELANCONIS JUGLANDIS (e. and E.) comb. nov. 

Perithecia seated in scanty stroma to ^ mm. below surface of 
bark, in groups of 1-9, usually not more than 5, sometimes 1, globose, 
or slightly flattened tangentially, black, 500 y. in diameter, (range 441 x 
617 [jl) their necks black, about 90 (jl in diameter, and ordinarily only 
slightly extruded; asci cylindrical or slightly club shaped, 108 x 11.7 jx 
(range 90-110 x 10.5-12 [x), with a short stipe about 6 (x long (range 3-9 
ix); ascospores hyaline, colorless to light grayish olive—(15, PL XLVI), 
elliptical, with blunt ends or sometimes pointed, 2-celled and slightly 
constricted at the septum, averaging 20 x 8.5 y.. 

Pycnidia developing in culture, black, spherical or irregular, partly 
sunk in the medium, 150-400 {x in diameter, with a rounded apical pore, 
and surrounded by a dense felt of mycelium. Pycnospores oblong, 
hyaline, one-celled, 1 x 3 jx, swelling markedly on germination. 

The conidial form is Melanconium ohlongum Berk, with usually in¬ 
equilateral spores, averaging 19 X 9 ix, olive gray (15, PI. LI) under the 
microscope, but appearing jet black when massed in the acervulus. 

Habitat. North America.^ A slow parasite in wood and bark of 
JugJans cinerea L. and J. Sieboldiana L.; also occurring on J. nigra L. 
and J. regia L. and perhaps pathogenic there. 

HOSTS AND LOCALITIES OP OCCURRENCE 

In the following list, which makes no pretensions as to completeness, 
all specimens except those starred have been examined by the writer. 
On Juglans cinerea, 

Canada: London, May 13, 1892; no definite locality, February 11, 
1893, “ Jkfacown.” 

Maine: North Windham, July 26, 1923, A. H.Q. 

Rhode Island: Lincoln, September 30, 1922, (perfect stage) J. 
Franklin Collins. 

Connecticut: West Hartford, September 24,1919, A. H.Q.; Meriden, 
September 16,1922; Newington, September 16,1922; Berlin, September 
16,1922; Hamden, January, 1919; July 2,1920; October 21,1920 (perfect 
stage); September, 1921; January 3, 1922; September 16, 1922 (perfect 

1 In the list of Danish fungi in Dr. Eostrup’s herbarium (11) one specimen of JtfeZan- 
conium dblongum is included ^vith the statement that it occurred on JttgUins mand~ 
ahurica in the garden of on Agricultural High School and is new for Europe. 
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stage), all A. H. G.; North Branford, December 19, 1920, A. H. G.; 
Sharon, July 12,1920, A. H. G.; Southport, September 27,1922, A. H. G.; 
Norwalk, September 27, 1922, A. H. G. 

New York: Farmington, July, 1889, E. Brown; Canton, 1857, (no 
collector given); also a second specimen from this same locality without 
date or collector; Buffalo, no date, G. W. Clinton;* Alcove, August 1893, 
“with Diaporthe juglandis E. & E.,” C. L. Shear; Potsdam, no date, 
(N. a. F. 121); Van Cortlandt Park, New York City, August 16, 1918, 
A. H. G.; Cold Spring Harbor, August 14, 1918, A. H.G.; Inwood, New 
York City, January 3, 1919, A. H. G; Baldwin, L. I., December 6, 1921, 
A. H. G. 

New Jersey: Newfield, June 1892. {Fungi Col, 153). 

Pennsylvania: Kennett, September, 21, 1918, A. H. G; Shingletown 
Gap, Center County, September 26, 1922, L. 0. Overholts. 

Maryland: Glen Echo, January 9, 1919, C. H. Kauffman.* 

West Virginia: Belleville, December 27, 1921, Lee Bonar.* 

Wisconsin: St. Croix Falls, November 1, 1897, C. F. Baker. 

Iowa: No definite locality, May 1882, E. TF. Holway. 

On Juglans nigra. 

New York: Valley Stream, L. I., April 1921, A. H. G.; Baldwin, 
L. L, December 16, 1921, A. H. G. 

On Juglans Sieholdiana. 

Connecticut: Stamford, July 20, 1919, A. H. G.; New Haven, 
July 31, 1920, A. H. O. 

New York: Ithaca, campus of Cornell University, March 28, 1904, 
C. H. Kauffman;* Baldwin, L. 1., December 16,1921, A. H. G; Brooklyn, 
(from inoculated seedlings), June 12, 1922, A. H. G. 

On Juglans regia. 

Connecticut: Stamford, July 20, 1919. A. H. 0. 

New Jersey: Newfield, 1892, Ellis (N. A. F.). 

. morphology op the fungus 

Mycelium 

In a culture two days old on nutrient medium, the hyphae are hyaline, 
colorless and copiously branched, the main trunks being from 6-8 (jl 
in diameter (fig. 1, a, b). The cross walls are distinct, the hyphae being 
often slightly constricted at these points. These numerous branches, 
constrictions, and also frequent, short, knubbly branches give the young 
mycelium a characteristic ragged aspect. Various colors and color 
changes develop under the influence of different culture media, but in old 
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cultures the prevailing shades are olives and grays. Under the micro¬ 
scope, old mycelium grown in oat agar has a yellow-green shade. In old 
cultures the main hyphal trunks are of about the same diameter as in the 
young cultures, but there may be a host of many fine hairlike branches 
about 2^^ in diameter with cross walls indibtinct. Between these two 
extremes, all gradations exist. In connection with the development of 
conidia and pycnidia in cultures, a smoke gray, fluffy, aerial mycelium 



W\ \lTS. 


Fig. 1. Myoelium from a> yoxmg culture: a, 2^ da3rs old, X 410; b, 51 hours old, 
X 110. 

appears, often in cushionlike tuft s. This is composed of very fine hyphae 
essentially similar to the fine branches in the medium. In the bark of 
the host, the mycelium is even more slender—^from 1 to 1.5 ii. in diameter. 

Conidial Stage 

It is this form which is almost invariably seen on dead butternut 
branches, at first developing small, rounded, pimply, blackened eleva¬ 
tions, scattered irregularly about (PI. XX, fig. 3, a, b) and later burst¬ 
ing through the epidermis and young cork layers with rounded, irregular 
openings (PI. XX, fig. 3, c) revealing the pustules of the apparently 
inky-black conidia. Although pustules appear usually only on the twigs 
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and small branches, occasionally they are found on the thick bark of the 
trunk (PI. XX, fig. 4); and as shown by the figures (PI. XX, figs. 
5, 8, 9) there is much variation in their size. Sometimes they are elong¬ 
ated or run together (PI. XX, fig. 9). If the weather is damp or 
rainy, they resemble tiny drops of thick ink, or if the twigs are placed 
in moist chambers, with the humidity of the correct percentage, the con- 
idia are extruded in tendril form (PI. XX!, fig. 5). We have rarely 
seen the tendril form in na ture, however. With age, the pustules become 
more flattened like small ink blots on the branch; and at length, after the 
lapse of a year or even less, are represented merely by rounded or ir¬ 
regular holes in the loose, outer bark, the spores having presumably been 
washed away or perhaps eaten by insects (PI. XX, fig. 7). Saccardo 
(16) gives 20 p. for the length of the conidia. Our measurements average 
19.1 X 9.3 p. for 150 spores. The range of all the specimens examined 
was 14-25 X 4.25-13 p,. This, however, excludes a single giant spore 
found in the Iowa material, measuring 30 X 13 p. 

In shape, the conidia vary considerably; typically somewhat in¬ 
equilateral, or with one side curving outward, in some specimens a 
kidney shape prevails, intermixed with perfectly oval and also symmetri¬ 
cally elliptical forms (Fig. 2, a); ordinarily muticate, sometimes they are 
bluntly pointed and occasionally terminate at one end in a narrow, 
short truncate base. Abnormally curved forms also occur, especially 
in cultures. The optical cross section shows usually a somewhat flattened 
outline, but it may be quite circular. Crystals of calcium oxalate, such 
as Johnston (9) records for M. sacchan, are common in the pustules. 

In color, using daylight illumination, the contents seem to be an 
olive gray to a deep olive gray (15, PI. 51) depending upon the amount of 
light admitted through the diaphragm, but with much darker brownish 
walls; in fact, it is the wall which gives the dark color to the spore as 
can be determined by crushing. The contents are then shown to be in 
reality much paler, though still a shade of gray. Spore specimens which 
have been kept in glycerine mounts for three years have retained their 
natural color well. 

As to contents, the conidia are densely packed with light-refracting 
granules, and sometimes contain one droplet or several small ones 
(Kg. 2, b). 

As indicated above, there is sonie variation in size in the material 
from different localities, that from Iowa being the largest, averaging 
21.0 X 11.0 p, but taking into consideration all the spore characters, 
the form seems quite distinct from other Melanconiums. 
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Pycnidial Stage 

This was found only in cultures—^in peptone agar in large numbers, 
and in oat agar (p. 421); in the latter case developing at about the same 
time as the conidia and surrounded by them. The pycnidia are black to 
the naked eye, spherical or irregular in shape, 160-400 ji in diameter, with 



Fig 2 Conidia: a, showing different forms, X 600: b, showmg granular content 
or droplets, X 1000. 


a rounded apical pore (sometimes 2 pores if of irregular shape),and partly 
sunk in the medium, being surrounded by a dense felt of pale smoke-gray 
mycehum. When placed in water, enormous numbers of tiny, oblong, 
hyaline pycnospores, (Fig. 3, a) about 1 x 3 p., issue from the openings. 

Ascogenous Stage 

On Oct. 9, 1920, some of the dead twigs of a living butternut at 
Hamden, Conn., were observed to be not only plentifully covered with 
Melancomum dblongum pustules, but in and about these same pustules 
was what appeared to be the perfect stage in cracks in the bark (PL 
XX, fig, 10 and tejct fig. 4), The twigs were incubated in a moist chamber, 
and under these conditions, groups of long, black, hairlike structures, 
the necks of perithecia, grew out from the cracks (PI. XX, fig. 11)* 
Mature spores, shot out from the asci through these necklike openings, 
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were caught on slides suspended above, and sowings were made in oat 
agar on petri dishes under sterile conditions. These cultures matured 
typical conidia of Melanconium ohlongum in 22 days. On December 2, the 
experiment wasrepeated, and on January 3,1921, conidia again appeared. 

The perithecia found at Hamden, Comi. were compared with the 
material at the New York Botanical Garden under the name of Diaporthe 
Juglandis E. & E. (p. 414) and found to be identical, wdth the exception, 
of course, of the long, extruded necks which had developed under 
cultural conditions. 

On October 7,1922, we received specimens labelled Diaporthe Juglandis 
E. & E. recently collected on butternut in Rhode Island by Prof. J. 
Frankhn CoUins. Examination showed that these also were the perfect 
stage. In October, 1922, the writer again collected the perfect stage at 



Tig. 3. Pyonospores; a, freshly ejected from pvenidia; b, 15 hrs. later, commencmg 
germination; c, IS hrs. after a, showing well developed germ tubes, X 500; d, germi¬ 
nating ascospore, X 500. 

Hamden, Conn. It is extremely inconspicuous, being located in small 
cracks in the bark which when not as numerous as in the twig figured 
(PI. XX, fig. 10), might pass for old lenticels. 

Agar Cultures 

Turnip juice agar, oat agar, potato juice agar, peptone agar, and 
butternut twig agar were all used as media, but for the production of 
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spoies the oat agai gave by fai the best results This "nas somewhat 
modified fiom Dr Clinton s foimula (See Kept Conn Vgi Expt 
Sta 1909 10 760ff) as follows fifty giams of rolled oats weie cooked 
in 300 cc of water in a double boilci for about one half hour then pressed 
through cheesecloth or a fine wne strainer 12 g of agar added and 
enough water to bring the whole volume up to 1000 cc 4fter boiling 
in the autoclave to melt the agar titration showed the medium to be 
nearly neuti al Aftei sterilization the medium was opaque and nearly 
smoke gray (15 PI XLVI) ^ 



Fig 4 a Dixgiam of lenthecia in boil X 45 b ascus with qpoies X 550 

Cultures were deiivcd from a single spore and obtained by the isolation 
and transplantation method as follows About two days aftei germma 
tion m the isolation petri dishes the tmy cultmes could leadily be 
distinguished by holding the petri dish up to the light one selected 
which seemed remote fi om anj- impuiity and then its oiigm from only one 
spore confiimed by examination of the petii dish directly on the stage of 
the mioioscope Transplantation with a sterile scalpel to a dish of 
sterile medium was then a simple matter Contamination in this pro 
cess was mevitable but if a considerable number of transplants weie 
made some would prove puie 

^ Roman numeiala refer to platei> in Rilgwa^ s Color Standards and Nomenola 
ture (16) 
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The fungus shows marked differences of behavior in the different 
media, but only its characteristics in the oat agar will be described in 
detail. The young mycelium (3 days old) is an ochraceous-buff (15, 
PI. XV), which deepens (8 days) into an ochraceous-orange (15, PL 
XX), and at length (2 weeks) assumes shades varying from olive-ocher 
to yellowish olive (15, PI. XXX) mottled with mummy brown (15, PL 
XV). Tisdale (21) notes the presence of green shades in his cultures of 
Melanconium from tomatoes. Later, the color becomes more uniformly 
dark, and aerial mycelium, which up to now has been scanty, develops 
sparsely. In about 3 weeks a curious metallic luster appears on the sur¬ 
face of the medium, the center of the culture becoming nearly black. 
Small fluffy moimds of a smoke gray (15, PL XLVI) mycelium develop, in 
which the apparently coal black masses of conidia appear, like drops of 
thick ink. These changes vary somewhat, both qualitatively and quanti¬ 
tatively, and in time intervals, in different cultures, depending perhaps on 
the thickness of the medium, amount of moisture, temperature, etc.; 
but the sequence of colors is fairly uniform. In turnip juice agar and in 
potato agar, the mycelium has a tendency to wrinkle the surface of the 
medium. It should be noted that in all the cultures the growth was 
extremely slow, as compared with forms like Penicillium and Rhizopus. 

Cultures on Sterile Butternut Tmgs 

These were cut into sections a few inches long, placed with a little 
distilled water in test tubes, sterilized, and inoculated with the fungus 
in the hope that the ascospore stage would develop on them. In some 
twigs after a little more than three weeks, conidial pustules appeared in 
the ordinary way, as small black pustules distributed in the bark. In 
other cases, the bark was fairly well covered with small cushions of 
mycelium {1-2}^ mm. in diameter) of the characteristic olive shades— 
varying from a light olive gray (15, PL LI) to a deep grayish olive 
(15, PL XLVI) when old (PL XX, fig. 12). In about six weeks small, 
inky-black drops of conidia began to appear in these. This difference 
in behavior of these two sets of twigs was due perhaps to different moist¬ 
ure conditions. No perithecia developed in either case. 

Germination of Spores 

Conidia germinate readily in oat, potato, or peptone agar in 10-12 
hours at laboratory temperature (Fig. 1, b). In tap water the germina¬ 
tion ^ slight—one or two tubes in each drop—^and in distilled water only 
in rare cases can germ tubes be seen. 
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Pycnospores sowe in oat agar commence to swell and eventually 
assume enormous proportions, compared to their original size. Beginning 
as very tiny spores 1 X 3 ;x, at the time when the germ tube appears 
they are about 6 in diameter, having taken on a more rounded form 
somewhat resembling yeast plants. Their volume thus increases nearly 
40 fold (Fig. 3, a, b). A similar pregermination swelling occurs in the 
pycnospores of Endoihia parasitica (1, p. 8), where it amounts to more 
than 86 times the volume of the resting spore. Germ tubes were put 
forth from the Melanconis pycnospores in from 15 to 16 hours at labora¬ 
tory temperature. (Fig. 3, o.) 

Ripe ascospores caught by the method described above (p. 421) and 
sown in oat agar germinated readily in 12-13 hours at laboratory tem¬ 
perature (Fig. 3, d). Germination occurred also in distilled water and 
in tap water, but it was poor—^less than 1 per cent. Mycelium grown 
in oat agar from these ascospores produced typical conidia of *‘Melan~ 
conium ohlongum’’ in from 3 to 4 weeks. 

PATHOGENICITY OF THE FUNGUS 

Data Based on Field Work 

1. The fungus is constantly associated with this disease in the field. 
Nearly all wild butternuts of twenty years or more are affected to a 
greater or less extent. Trees of this age which do not show the conidial 
pustules, or the marks left by them on dead twigs (FI. XX, fig. 7), are 
few indeed. The writer has yet to see a tree more than twenty years of 
age, whose limbs are accessible, on which in some part, the pustules of 
the fungus or traces of them, do not appear. 

2. The proximal limit of the dead area on twigs or branches has been 
marked in the field and watched from year to year. This method has 
demonstrated the gradual encroachment of the fungus on healthy 
tissue, and subsequent appearance thereon of conidial pustules. 

3. Records of 31 trees in a forest at West Hartford, Conn., have been 
kept since 1919, or through four growing seasons. These records show 
every year an increased number of branches infected with Melanconis. 
In some cases where the trees are vigorous, the number of healthy 
branches developing more than offsets those diseased; in others, the 
reverse is the case, while in others the total leaf area remains about the 
same from year to year. 
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4. The ca&e in which the number of branches dying from this disease 
each year exceeds the number of new shoots developing, is illustrated by 
a particular tree in Connecticut -which has been under observation for 
the last 16 years, and because it is considered a typical example of the 
progress of the disease, will be described here in some detail. Plate XIX, 
figures 1 and 2, which are photographs taken August 6, 1920 and July 
30, 1922, show the course of the disease for a two year period. It is 
evident that the foliage in the later photograph is much more sparse, 
and a careful examination of the two figures shows that this is due 
to the death of many of the small leafy branches seen in the earlier 
photograph. For example, A, a branch of recent origin, formed in a 
sucker-like way at the base of a limb which has been gradually dying 
from the tip downward, is entirely dead in 1922. Similar sucker-like 
branches at B, bearing foliage in 1920, are now dead. At C, where a 
limb divides into three parts, a conspicuous growth has taken place 
in the two years, with development of many small branches, but few 
remain ahve, so that the sum total of the foliage in 1922 is less than in 
1920. On all dead branches which were accessible the Melanconis 
pustules were seen. The soil and light conditions for this tree are ex¬ 
ceptionally good, so that there is no evident “physiological” reason for 
its condition. The fungus gained entrance probably through some dead 
or weakened branch perhaps 20-25 years ago, and the host has been 
undergoing a slow death ever since. Ob-nously only a short lease of 
life remains. 


Inoculations of Healthy Twig Cuttings 

As reported briefly in the preliminary note on this disease (8) vigorous 
cuttings of butternut were obtained in March, 1919, from wild trees, 
brought into the greenhouse and placed in jars of water. Fifty-nine 
inoculations with Melanconis conidia were made on 19 cuttings. Three 
more were used for checks, 8 incisions in all being made on these. On 
May 1 there were 33 infections, 19 of which showed the Melanconis 
conidial pustules, while 26 of the inoculations had healed and were 
apparentlj” uninfected. Checks remained uninfected. A similar series 
on black walnut showed negative results on May 1. 

In a second experiment of like nature, using twigs of butternut, 
Japanese walnut, and black walnut, the results were inconcl-usive because 
most of the cuttings soon withered and died. However, the black 



1923] 


Graves: Melanconis Juglandis 


425 


walnut unfolded buds and continued healthy for some time, and this 
experiment is noteworthy mainly for the fact that out of 28 inocula¬ 
tion on this species, 5 developed the conidial pustules of Melanconis. 

Inoculations of Forest Trees 

1. In the spring of 1919 the branches and trunk of a young tree of 
butternut, about 5 inches in diameter, breast-high, were inoculated at 
10 different points with a pure conidia-bearing culture of Melanconis. 
No careful record of the results was kept, but the inoculated branches 
were observed at irregular intervals and were eventually found in many 
cases to be plentifully besprinkled with the Melanconis conidia. The 
inoculations in the trunk healed over, and therefore in August, 1922, the 
tree was cut down to determine whether there was any internal result 
from these trunk inoculations. The incisions where the spores had been 
placed were found to be covered with four rings of healthy wood, but 
it was evident from the appearance of a dark discoloration that the 
fungus had advanced both up and down in the trunk along the line of the 
1919 ring of wood. To determine the extent of this advance the trunk 
was cut into lengthwise and transverse sections which were left lying on 
the ground. On returning to the spot two months later, large numbers 
of the conidial pustules of Melanconis were found in the bark of these 
sections. This behavior of the fungus in the wood is most important to 
an understanding of its relations with its host, and will be discussed 
more in detail later. 

2. A more careful series of inoculation experiments was commenced 
in July, 1919, at Hamden, Connecticut. Fifteen trees of Juglans cinerea 
of various ages were inoculated with conidia and the results noted at 
three inspections in the same year—^August, September, and November. 
Inspections were made also in March, July, and November, 1920; in 
July 1921; and in July, 1922; so that these experiments cover a period 
of three years. One hundred inoculations and 20 controls were made. 

In table 1 only the inoculations with positive results are given. With 
8 exceptions, all others were made on large branches and on trunks 
ranging from 2 to 11 cm. in diameter, and externally, at least, gave no 
evidence of infection. During the first month no pustules had appeared, 
although according to field notes, in No. 62 there was an indication of 
slight elevations in the bark. By the second month, 3 of the inoculations 
gave positive results; in the fourth month, 5; at the expiration of one 
year, 17; two years, 24; and three years, 36. In the spring of 1922, 
however, a forest fire weakened trees II and III, with the result that the 
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TABLE 1 —Results of inoculations iviih Melanconis Juglandis on Juglans dnerea. 


No. of 
tree 

No, of in¬ 
oculation 

Part of tree 
inoculated 

Diameter 
in cm. at 
point of 
inoculation 

Time of appearance of spore pus¬ 
tules (shown by -f sign) 

2 mos. 

4 mos. 

1 yr. 

2yrs. 

3yrs. 

II 

6 

branch 

1 4 



+ 

+ 

+ 

a 

7 

II 

1.5 





+ 

a 

8 

II 

1.2 




+ 

4- 

a 

9 

II 

1.3 





+ 

HI 

10 

trunk 

2.1 






(( 

11 

II 

2.0 






u 

12 

II 

2 0 






11 

13 

branch 

1.0 




+ 


II 

14 

trunk 

1.6 






II 

16 

branch 

0.7 





+ 

11 

16 

II 

0.9 






VI 

39 

II 

1.8 



+ 

+ 

+ 

VII 

40 

trunk 

12.5 



+ 

+ 

+ 

II 

41 

II 

12.5 



+ 

+ 


II 

42 

II 

12 0 



+ 

+ 

-h 

« 

43 

11 

11.5 



+ 



a 

44 

1 

11.6 



+ 

+ 

+ 

IX 

65 

branch 

0.3 




+ 

-f 

II 

66 

II 

0 9 



+ 

+ 

+ 

tc 

57 

Cl ' 

0.4 



+ 

+ 


II 

68 

il 

0.4 



+ 

+ 

+ 

II 

69 

II 

0.9 



+ 

"t* 

+ 

it 

60 

II 

0.6 



+ 

+ 


X 

61 

1 

0.8 


+ 

+ 

+ 

+ 


62 

II 

0.4 

+ 

+ 

+ 

+ 

+ 

II 

63 

II 

0.4 

+ 

+ 

+ 

+ 

-h 

N 

64 

11 

1.0 





+ 


65 

II 

0 8 






II 

66 

it 

0.4 





+ 

If 

69 

ti 

0.9 





+ 

ft 

70 

ft 

0.4 





■b 

It 

71 

ti 

0.6 




+ 


II 

72 

ti 

1.0 

+ 

+ 

+ 

+ 

+ 

It 

73 

ti 

0.6 



+ 

+ 

+ 

XI 

74 

it 

0.9 




+ 

■f 

u 

76 


0.8 




+ 

+ . 


Total infections showing spore pustules 


17 24 


36 
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fungus appeared on nearly every branch, and taking this into considera¬ 
tion, it is fairly accurate to place the amount of apparent infection at 
about 333 ^ per cent. 

Of the 20 controls, four were made on trees II and III ou healthy 
branches which died in 1922 when these trees became entirely infected. 
This was also the case with one made on tree VII which died completely 
in 1920, as noted below. The other controls, except in cases where they 
were too near inoculations, remained uninfected. 

Several peculiarities in the results of these inoculations are noteworthy. 
First of all, in most cases the living bark around the lesion healed 
promptly, giving the impression that the fungus was not a pathogen at 
all. By degrees, however, an inoculated twig would turn a reddish 
brown, and, if in the growing season, would drop its leaves gradually, 
the pustules finally appearing as small elevations and later breaking 
through the bark. In such cases, even the callus which had healed over 
the incisions became covered with acervuli (PI. XX, fig. 6). 

Secondly, in nearly every case except, for example, in tree VII, the 
spore pustules appeared on small branches not more than 2 cm. in diame¬ 
ter—^in the majority of cases, 1 cm. or less. 

Finally, if the host had already been weakened, the fungus grew 
rapidly, as in tree VII. Here the organism grew rapidly from the start 
in the thick, living bark of the trunk, behaving as doesEndothia parasitica 
on chestnut, although no spore pustules could be distinguished for about 
a year. Tree VII was of fair dimensions, about 5 inches in diameter, 
breast-high, but growing in a dense forest where it had been suppressed 
and badly diseased at the top, so that it was in a weakened condition. 
By the end of four months one inoculation, for example, showed 30 
cm. of fungous growth upward, 15 cm. downward, and 7 and 20 cm. 
from the sides of the point of inoculation. In the bark thus killed, spore 
pustules developed, (PI. XX, fig. 4), the only case seen where pustules 
occurred in the thick rough bark of the trunk. The tree died entirely 
in 1920 directly from the girdling action of the fungus. 

In the case of trees II and III, already mentioned as weakened by a 
forest fire in the spring of 1922, the oonidia appeared ou all the inoculated 
branches soon after the fire occurred. A discussion of these peculiarities 
will be postponed for the present (p. 431). 

Inoculations of Seedlings 

Although the inoculations on forest trees brought out several new 
features regarding the operations of the fungus, it was felt that as regards 
defining its responsibility m the causation of the disease they lacked 
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con elusiveness. Among other objections which might be brought for¬ 
ward was the fact that in all of the larger trees selected Melanconis 
already existed on one or more of the branches, although remote from 
the inoculations. For it had been found practically impossible to locate 
trees of any size in the forest which did not show the fungus in some 
portion. 

In order to obtain a more clear cut demonstration it was decided 
therefore to inoculate seedlings that were entirely free from the fungus, 
and a new set of experiments was commenced on these in December, 
1921, in the conservatories of the Brooklyn Botanic Garden. Through 
the kindness of Mr. Willard Bixby, the well-known Long Island nut- 
grower and horticulturist, 45 two or three year old Juglans seedlings 
were secured, distributed about equally among the four species, J. reg%ay 
J. nigra, J. cinerea, and J. Sieholdiana. These young trees were potted 
in one-half loam and one-half leaf mold and placed first in a cool green¬ 
house, and later in one of moderately warm temperature. Under the 
influence of the latter, by March 1, 1922 all were in full leaf and growing 
vigorously. 

One thing brought out in clear relief by the previous experiments 
«vas the indication th&t Melanconis Juglandis is a weak parasite, attacking 
rapidly only when its host is weakened. It was therefore decided to 
weaken some of the seedlings of each species, previous to inoculation, in 
various ways. Thus, two or three of each species, with their roots 
carefully washed and uninjured, were transferred to pots of clean 
washed sand; these and all others, with the exception of a first group 
(Table 2, Group 1) which were treated to optimum conditions of soil, 
water and light, were placed beneath the greenhouse bench where the 
light was poor, and watered sparingly. In addition, those in sand were 
pruned repeatedly beginning March 1, and continuing up to the time 
of inoculation (Table 2, Group IV). Another group (Table 2, III) 
was similarly treated except that they remained in good soil. Group 
II was similar to III except that there was no pruning. No seedlings 
of J. nigra were placed in Group II. In this way four lots of seedlings 
within each species (with the exception just noted) were developed 
under the conditions as stated in the first column to the left in table 2. 

With one tree for a control in each of the sixteen groups, inoculations 
with Melanconis conidia were made on May 17, 1922. By June 12 one 
tree of J. Sieholdiana in class II was dead and well spotted with Melan- 
oonis pustules (Fig. 6). Table 2 gives the results to Mar. 1,1923. Flate 
XX, fip. 8 and 18, from a seedling of Sieholdiana, show the progress of 
the disease from one inoculation down the stem to the junction of the 
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TABLE 2— Summoi-ized results of uwculations {May 17, 1922) unth Mehmconia Jug- 

landis on Juglans seedhngs. 


Physical 

Species 

No. of 

No. of 

No. of 

seedlings showing develop- 

conditions 


seedlings 

inoc. 

ment of spore pustules 




1 

Aug. 5 

Sept. 1 

Oct. 1 

Nov. 15 

Mar. 1 


J. regia 

2 

3 






I 

J. nigra 

2 

3 






Optimum. 

J. cinerea 

3 

4 







J. Sieholdiana 

2 

2 






11 

J, regia 

2 

2 






Good soil, 

J, diierea 

3 

3 



1 

1 

1 

poor light, 
little water. 

J. Sieholdiana 

2 ■ 

2 

2 

2 

2 

2 

2 

HI 

J. regia 

2 

B 






Good soil. 

J, mgra 

3 

19 


1 

1 

1 

1 

poor light, 
little water, 

J. cinerea 

1 

■ 





1 

pruned. 

J. Sieholdiana 

2 

2 

1 

1 

1 

1 

1 

IV 

J. regia 

n 

2 






Sand, 
poor light, 

J. nigra 

H 

3 






little water, 
pruned. 

J. cinerea 


4 






J. Sieholdiana 


2 



1 

1 

1 

Total 1 

1 33 

39 

3 

4 

6 

6 

7 


branch. The inoculation on the latter has apparently had no effect, 
but it is only a question of time when the fungus will descend below 
the origin of this branch and thus cut it off. None of the controls devel¬ 
oped the disease, though one tree of J. Sieholdiana in class IV, in which 
the conditions are severe, has died. Although the results are not striking, 
they point clearly to the conclusion that the fungus is a weak parasite 
and that its attacks are most marked in a weakened host. 

Leaving out the inoculations on healthy seedlings it will be seen 
that the amount of infection on the weakened seedlings is somewhat 
over 25 per cent. Incidentally it may be noted that the experiment 
brings out a marked susceptibility in J. Sieholdiana. Just why those 
in the sand have resisted the fungus so well is not clear. However, the 
fungus works slowly, as shown in the previous experiment (p. 426). 
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DISCUSSION OF THE RELATIONS OF FUNGUS AND HOST 

The fact that in most of the inoculations on forest trees the incision 
apparently healed over, led the writer to believe at first that the fungus 
was not a pathogen, or at least only a very weak one; for one had to 
admit that it “took” very readily in the living ])ark of tree VII (p. 427). 
The comparatively sudden death of whole twigs after two months, 
followed by an increasing number of dying inoculated twigs and small 
branches each year up to the termination of the experiments, led very 
early in the work to a field investigation of the inoculations. It was 



Fig. 5. Showing results of inoculation of seedling of Juglans Si^ldmna grown in 
good soil, but weakened by poor light and little water. Check plant at right. 
Spore pustules show on stem of inoculated plant at left, X about 

found that under the callus a small, black area extended radially into 
the wood and thence had proceeded up aud down the twig or branch 
a distance depending on the length of incubation. In both inoculated 
branches and twigs diseased from natural infections this black column, 
overlaid by healthy wood and bark, has been followed well into the 
trunk. In a small twig, it is conceivable that this fungal invasion, 
necessarily hindering the upward flow of liquids in the twig, would 
eventually result in so weakening it that the fungus will readily advance 
outward to cambium and bark—hence the death of the twig and sub- 
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sequent appearance of spore pustules. It is of course possible that the 
killing is due to the presence of some toxic substance secreted by the 
fungus or formed by the interaction of host and parasite, as Clayton 
(3) believes is operative in the tomato wilt. In the case of the larger 
twigs, naturally a longer time would be required for the lethal action 
of the fungus, whatever its modus operandi. In the trunk, in the case 
of a vigorous tree, the formation of the annual rings of wood goes on so 
rapidly as to cover up for a time the action of the fungus. Yet it may 
eventually reach a spot where small branches are given off, and advancing 
into these, slowly kills them. If the tree is weakened by drought or 
other unfavorable conditions such as fire (p. 427) the fungus advances 
more rapidly. 

Sections of discolored wood have been stained, and show the presence 
of the fungous hyphae. The isolation of the fungus in culture media 
from such discolored wood has been extremely difl5.cult and successful 
only in a few cases. Where segments of twigs with the discolored wood 
have been incubated in a moist chamber, they have invariably developed 
spore pustules. The case has already been described (p. 425) of the 
tree trunk inoculated in 1919, and cut in 1922, which showed the dis¬ 
colored wood covered by four layers of healthy wood, and developed 
the spore pustules after it had lain two months on the ground. 

From the evidence presented in the foregoing it seems clear that we 
are dealing here with a weak parasite working slowly, or almost dormant, 
in vigorous trees—more rapidly in weak ones. After the lapse of many 
years it may gain the upper hand (PI. XIX, figs. 1,2) and the death of 
the tree is the result. 

RELATIVE SUSCEPTIBILITT OF SPECIES OP JUGLANS 

It will be seen by reference to the list of exsiceati and hosts that 
Melanconis Juglandis is by no means restricted to the butternut. Very 
probably the fungus may be found on any species of Juglans. But as 
far as our field observations go, pathogenic effects are most pronounced 
in J. cinerea and J. Sieboldiana, which is to be expected on account of 
the close relationship of those two species. In the experiments with 
healthy seedlings (p. 427), J. Sieboldiana proved extremely susceptible. 

Although we have seen some trees of J. nigra^ in the field, apparently 
seriously affected and showing all the symptoms of the trouble, we do 
not feel warranted at present, in view of the slight experience we have 
had with this species, in making any definite statement as regards its 
degree of susceptibility. But on account of its great economic importance 
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a thorough investigation is much needed. Likewise, regarding the 
susceptibility of J. regia, we know little. 

As regards the western species of Juglans, we find no reference to a 
trouble like this. Thornber (20) states that the Arizona walnut, Jvglans 
major Hell, does not appear to be troubled with any serious fungous 
disease. The walnut blight, so destructive to the Persian walnut, {J, 
regia) and its hybrids in California, is an entirely different disease. (18) 


REMEDIAL MEASURES AND CONTROL 

In the forest, any remedial or control measures are under present 
conditions impracticable. In view of the nature of this disease, as 
brought out by these studies, it is clear that trees with a large percentage 
of branches killed by Melanconis are in all likelihood trunk-infected. 
Their growth increment will necessarily be slow, the amount depending 
on the extent of infection. Such trees may as well be removed whenever 
practicable, as in improvement thinnings. 

But in the case of orchard trees, or in parks and gardens, with proper 
care and vigilance the disease may be successfully combatted. In view 
of the fact that weakened trees in particular are attacked by the fungus, 
efforts should be made to maintain them in as healthy a condition as 
possible, by such sanitary measures as fertilizing, mulching, watering 
in dry seasons, pruning to increase vigor; and by avoidance of conditions 
which lead to winter injury, etc. The trees should be constantly watched, 
and all dead twigs pruned off as soon as discovered. It is hardly neces¬ 
sary to add that any twigs or branches showing fruiting bodies of Melan¬ 
conis should be pruned off immediately, the cut being made some distance 
below the limit of the wood discoloration in the interior. All pruning 
wounds should be covered with paint or tar. After the fungus has 
penetrated the trunk, no remedy is practicable.^ 


SUMMARY 

The evidence indicates that the Melanconis disease extends over the 
entire natural range of the butternut, and is one of its chief troubles; 
while the cultivated Japanese walnut {J. Sieholdiana) is likewise 
particularly susceptible. The disease is also of significance in its possible 
relations to other species of Juglans. 

^ Dr. Bobert T. Morris states m correspondence, that "if blighted butternut trees 
are out near the ground, and the stump sprouts grafted later with Persian walnut, 
black walnut, or heart nut scions, w ' likely to obtain good crops from this species 
which are highly resistant to attack, .lom the Melanconiiun." 
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In trees which are previously weakened, the fungus makes rapid 
progress; otherwise the disease advances slowly. The evidence at hand 
does not appear to warrant the statement that there is danger of dis¬ 
appearance of the butternut. 

In its first stages, the trouble is characterized by the appearance of 
dead limbs besprinkled with small black conidial acervuli. Occasionally 
these develop spore horns, but they are usually rounded or wartlike, 
and in wet weather like drops of thick ink. 

This conidial stage has passed under the name of Melanconium 
ohlongum Berk. The ascospore stage, which may appear later near 
these same pustules, has long been known as Diaporthe Juglandis E. & 
E. By culture work this is now definitely proved to be the perfect 
stage of Melanconium ohlongum Berk. Melanconis Juglandis (E. & E.) 
comb. nov. is therefore proposed as the new name. 

A pycnospore stage has appeared in cultures on both oat agar and pep¬ 
tone agar. 

Inoculation experiments, extending over a period of more than four 
years, have demonstrated conclusively that the fungus is a weak parasite. 
Entering usually through small twigs by way of a wound, or through 
twigs already killed from some other cause, the mycelium grows slowly 
down through the wood, producing a black or dark discoloration, to 
the main branch and finally to the trunk. Thence any branch may 
become infected. 

Ordinarily the progress of the disease is so slow that the leaves fall 
one by one, not producing any striking wilting or blighting effects. In 
final stages trees have a marked stagheaded aspect. 

Diseased branches should be pruned off promptly some distance 
below the apparent infection, and the wounds tarred over or painted. 
After the fungus has penetrated the trunk, combative measures are 
useless. 

For forest trees, no remedy is practicable under present conditions. 
Diseased trees should be removed during improvement thinnings. 

The writer wishes to acknowledge his indebtedness to the many who 
have contributed assistance and advice in this work—^particularly to 
the following: Mr. A. B. Sejunour, Harvard University, Dr. Robert 
T. Morris, New York City; Rev. Sidney Wallace, Waterbury, Conn.; 
Dr. G. P. Clinton, Mr. E. M. Stoddard, and Mr. Walter O. FiRey, of the 
Connecticut Agricultural Experiment Station; Mrs. Flora W. Patterson, 
Bureau of Plant Industry, Washington, D. C.; to Professor A. W. Evans 
of Yale University, and to the staft ^" he New York Botanical Garden 
for placiius, ■'t bis disposal the faciliVieb of their respective institutions; 
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and to Dr. George M. Reed of the Brooklyn Botanic Garden for helpful 
suggestions. 
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Description’ of Plates 

Plate XIX. Melanconis Juglandis on Jtjoians Cinbrea 

Pigs. 1 and 2. A butternut tree at Hamden, Conn., showing the damage caused 
by the Melancjonis disease in a two-year period. (1) Taken August 6,1920; (2) Taken 
July 30, 1922. At A, B, and C are examples of branches which have died in the two- 
year interval. For detailed account see p. 424 of the text. 

Plate XX. Mblanconis Juglandis 

Fig. 3. a, b, and c, successive stages in the development of the acervuli of the 
conidial stage of Melanconta Juglandis (E. & E.) comb. nov. on twigs of butternut: a, 
papillate swellings appearing; b, some of them burst open; c, warty, black masses of 
conidia. 4 natural size. 

Fig. 4. Acervuli, (the large black spots) on thick bark of trunk. ^ natural size. 

Fig. 5. Infected twig, incubated in a moist chamber, lowing the extrusion of 
spores in hom-like masses from the acervuli. Such spore horns rarely occur in nature. 

natural size. 

Fig. 6. Inoculated twig, showing where the inoculation was well healed over with 
a callus (about one inch from the base of photo); later, whole twig died as a result of 
growth of mycelium in interior, and numerous spore pustules appeared. This particular 
twig was a yoimg green shoot at the time of inoculation. ^ natural size. 

Fig. 7. Part of old diseased twig showing holes in loose bark where spore pustules 
were located. ^ natural size. 

Fig. 8. Part of inoculated upright shoot of tree shown in Fig. 13, showing spore 
pustules in detail. Extent to which disease has apparently progressed is shown by 
irregular line below crotch. In the wood, however, the fungus has penetrated to the 
base of the tree, as was shown by subsequent examination. X 1. 

]Ftg. 9. Branch of JugUma Sieholdiana, showing spore pustules appearing about 
the point of inoculation, some of them elongated or run together. About natural size. 

Fig. 10. Ascogenous stage (not qiiite mature) appearing in cracks of butternut 
twig. X li. 

Fig. 11. Showing perithecial “necks” excessively developed, under moist chamber 
conditions. 4 natural size. 

Fig. 12. Pure culture on sterilized butternut twig, showing mycelial mounds where 
conidia will appear. About natural size. 

Fig. 13. Seedling of Juglans nigra showing two inoculations, one of which has 
'‘taken, ” the fungus having progressed downwards. For further details see d^cripiaon 
of Fig. 8. About natural size. 



THE PROBLEM OF BREEDING NEMATODE- 
RESISTANT PLANTS 

WaiiTer Scott Mallogh 

With Two Fiqxtbes in the Text 

The serious nature of nematode infestation has been pointed out by 
numerous writers. Heterodera radicicola is the most destructive form 
known at the present time. The theme of the present paper is to present 
some data collected in an attempt to breed plants resistant to Heterodera 
radicicola. The control of the root-knot nematode under greenhouse 
conditions is relatively simple compared to field conditions. E. A. 
Bessey (3) has reviewed the different methods for the control of the root- 
knot nematode under greenhouse and under field conditions. Although 
nematode infestation is serious enough under any condition, I shall take 
up the discussion of its control from the viewpoint of field conditions, 
which is by far the most difficult problem. A serious nematode infesta¬ 
tion of a highly susceptible perennial plant is generahy fatal. About the 
only treatment which can be safely given is to apply fertilizers and 
constant cultivation to induce the trees to grow faster than nematode 
gaUs can be produced. This method, however, cannot be regarded as 
highly satisfactory, due to its high cost and temporary nature. Perennial 
plants are stationary, and once the soil becomes infested, the plants are 
doomed, sooner or later. Even if the soil is free from root-knot nema¬ 
todes at the time the trees are planted, no one can tell when root-knot 
nematodes will spread to this piece of land. 

W. A. Orton (7) has stated that, ^'The root-knot nematode is already 
so widely distributed in California that it will be extremely difficult to 
restrict its further spread in any effective way by the application of 
quarantine measures.” The same statement would apply to many 
other states in the Union. With perennial plants, crop rotation cannot 
be applied without great financial loss. One may say, then, that the 
breeding of nematode-resistant rootstocks for fruit trees is by far the 
most important of nematode-resistant problems. What little has been 
accomplished in this direction by the writer has been submitted for 
publication in another article.^ 

^ Malloeh, W.S. Asexual propa^tion as an aid to the breeding of rootstocks. (Sub¬ 
mitted for publication.) 
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Let us now consider the problem of breeding for nematode resistance 
from the standpoint of annual plants. In breeding for disease resistance, 
the plant breeder has two alternatives: First, to find natural resistance 
in some variety or species and then to combine disease resistance or 
immunity with other desirable commercial characters. This is the most 
hopeful method from the breeder’s standpoint. Second, it would be 
theoretically possible to create disease-resistant plants by transgressive 
segregation. This would imply that each parent possessed modifying 
factors which acting together would increase the resistance of the 
hybrid plants. Transgressive segregation does occur for certain char¬ 
acters such as tetramerous flowers in tobacco. Some varieties of tobacco 
have a reduced number of parts of one or more floral whorls. Nicotiana 
Tahacum var. Havanensis was found to produce on the average 18.814 
d= 0.203 per cent tetramerous or otherwise reduced flowers on the 
same plant with the normal pentamerous flowers.^ The extremes for 
this variety being 14 to 26 per cent. Nicotiana Tabacum var. purpurea 
on the other hand does not produce any tetramerous or otherwise 
reduced’howers. The Fi hybrid between these two parents produced, 
on the average, 1.127 ± 0.792 per cent tetramerous or otherwise reduced 
flowers per plant. The F 2 produced all the way from 0.0 to 54.0 per 
cent tetramerous or otherwise reduced flowers per plant, thus exceeding 
either parent in the percentage of reduced flowers on any particular 
plant. In this case, the factor or factors for tetramerous flowers was 
clearly present in one parent. If a certain amount of resistance could 
be demonstrated in a particular variety, then we might hope to increase 
this resistance by hybridization. « 

Theoretically, the finding of resistance in one parent should not limit 
the building up of resistant forms. In the inheritance of aleurone color 
in com. East and Hayes (6) found that two white varieties might each 
possess factors all of which are necessary for the production of color. 
A white variety of the genetic constitution CCrrppii crossed with an¬ 
other white variety carrying the factors ccRRppii gives a red type 
in Pi and 9 red to 7 white in P 2 . I am not aware of any demonstrated 
case of this type in the inheritance of disease resistance. As a matter 
of fact, the reverse has been demonstrated. 0. S. Aamodt (1) foimd 
in a cross between Kanred and Marquis wheats that aU the P 2 plants 
were susceptible to biologic forms of Pucdnia graminis inUci, to which 
both parents were susceptible. The controlled tomato hybrids made 
by the writer were all susceptible to nematode attack. 

^ Malloch, W. S. Studies of inheritance in tobacco and maize. Master’s Thesis. 
1920. (Manuscript.) University of California library, Berkeley, California. 
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In breeding for disease resistance, it is frequently found that resistance 
is only obtained by crossing with resistant species. Beach and Maney 
(2) found that Pi'unus hesseyi (Sand cherry) is immune to aphis attack, 
while Prunus cerasus (Montmorency cherry) and Prunus Americana 
(Wyant plum) are susceptible to aphis attack. These species cross 
freely and give a ratio of about 3 immune to 1 susceptible form in Fj. 
But there are many species, like Hordeum vulgare and Hordeum murinum, 
which do not cross easily and in which the resulting hybrids do not reach 
maturity (6). In such cases as these, the knowledge gained by geneticists 
should be of great service to plant breeders. 

EXPERIMENTAL RESULTS 

In the description of the results of the present experiment, I have 
included a brief discussion of cultural methods for growing plants and 
nematodes together. This portion has been contributed for what little 
value it might be to further studies on the causes of immunity. A few 
more observations have been made on cross inoculation tests which 
serve iio confirm the opinion that there are no physiological or Biological 
strains of Heterodera radidcola. This is a distinct advantage to the 
breeding of nematode-resistant plants, for once a resistant plant is found, 
it should be resistant to any new infestation of H. radidcola. Such a 
condition is a disadvantage in crop rotation, however, as the same form 
of H. radidcola will attack many of the crops which would be desirable 
for rotation purposes. Finally, I have included a list of the species and 
varieties of plants found to be susceptible to H. radidcola. 

CULTURAL METHODS OP GROWING PLANTS FOB STUDYING 
IMMUNITY TO NEMATODES 

In order to study immunity of different varieties and species to 
nematodes and the causes for any immunity found, we must have some 
method of growing the plants and nematodes together. The natural 
method of infection from nematodes is from larvae present in the soil. 
Soil cultures are the most desirable for studying the relative resistance 
of different plants, but are unsuited for studying certain suspected causes 
of immunity, such as differences in anatomical structure. In the present 
investigation, a greenhouse soil badly infected with nematodes from 
Gardenia plants was used in the greenhouse tests. It was planned to 
test relative degrees of resistance by growing plants in the same type 
of soil which had been hauled to an isolated piece of land in Berkeley, 
but it was necessary to terminate the experiment before this could be 
accomplished. 
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For anatomical work, it is desirable to grow the plants in a culture 
medium, where the roots will be free from adhering soil particles. This 
may be accomplished by allowing the roots to grow through the drainage 
hole in a flower pot in which the plant is growing. It may also be ac¬ 
complished by growing the plant in a nutrient solution. For chemical 
studies, it is often desirable to be able to control the culture media in 
which the plants are grown. 

L. B. Byars (4) found that plants grown in Pfoffer’s nutrient agar be¬ 
came infected when nematodes were added to the culture. 


Pfeffer’s Nutrient Agar 


•Calcium nitrate. 

Potassium nitrate. 

Magnesium sulphate. 

Potassium dihydrogen phosphate 

Potassium chloride. 

Distilled water. 

Powdered agar. 


CaNO, 

4.0 grams'. 

KNO, 

1.0 “ 

MgSOi 

1.0 “ 

KHJ»04 

1.0 “ 

KCl 

0.6 “ 

HjO 

6.0 liters. 


12.0 grams. 


The writer found that Dwarf Champion (No. 13), Earliana (No. 73), 
and Matchum (No. 84) tomatoes and Whippoorwill (No. 2) cowpea 
became infected when nematode galls were added to the culture. The 
agar method has an objection in that it soon becomes infected with other 
•organisms as observed by Byars (4), and Steiner and Heinly (8). The 
writer found that the agar became infected even when nematodes were 
not added to the culture media. Infection probably takes place when 
fresh agar is added to the bottle in which the plants are growing. In the 
present experiment, the details as to sterilization and preparation of the 
nutrient agar described by Byars (4) were followed out. At first the 
bottles were only filled one-third full with Pfeffer’s nutrient agar. Steril¬ 
ized seeds were sown upon the nutrient agar and the cotton plugs replaced. 
Most of the seedlings had a tendency to sink and become immersed in 
the fluid. Those which did not have this difficulty failed to grow more 
than about three inches, due probably to lack of air (Fig. 1). 

To avoid this difficulty, tests were conducted with cowpeas which 
were sown upon the top of supports in the mouths of bottles. The bottle 
was filled with Pfeffer’s nutrient agar until the sterilized seeds were 
partially immersed in the fluid. Two types of supports were used. 
An inverted strip of wire screening, one inch wide and six inches long, 
■served for one type. Sterilized seeds were sown upon this wire support. 
The mouth of the bottle was then stoppered with a cotton plug. When 
the plants had germinated, the cotton was placed around the stem in 
such a manner as not to interfere with its growth above the bottle. A 
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piece of cheesecloth thinly covered with cotton and pressed down into 
the mouth of the bottle served as a second type of mechanical support. 
Sterilized cowpea seed was sown upon this support, which was in contact 
with the agar medium. In both methods, the plants developed normally 
to a height of about one foot (Fig. 2). Infection also developed in this 
method. 

To avoid contammation from other organisms, an attempt was made 
to devise media in which both nematodes and plants could develop but 
in which other organisms could not. Nematodes were added to pure 
silica sand in a one-half pint milk bottle. Seeds fiom different plants 
were then sewn m this bottle and the plants kept alive by frequent 



Fig 1. Cantaloupe seedlmgs growing on Pfeffer’s nutrient agar. The seedling in 
the bottle on the nght has become immersed m the fluid. 

additions of Pfeffer's nutrient solution. This solution has the same 
composition as Pfeffer’s nutrient agar minus the agar. Whippoorwill 
cowpea (No. 2) and Eed Currant tomato (No. 63) became infected in 
this culture medium. Such a method might be of value for certain 
chemical investigations but would be little better than a soil culture for 
anatomical studies. 

Whippoorwill cowpea (No. 2) plants, five inches high, and Orobia 
(No. 76), Eed Cherry (No. 81), and Striped (No. 78) tomato plants, 
one to one and a half feet high, which had been previously grown in 
nematode-free soil, were transplanted into Erlenmeyer flasks. Pfeffer’s 
nutrient solution was maintained at about one-haJf inch depth in the 
flasks in which the plants were placed. The bottom of the flask was. 
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about six inches wide, giving plenty of room for root development. 
The plants were grown in this way from Nov. 1, 1922, to Jan. 18, 1923. 
All of the varieties became infected and showed the presence of numerous 
galls on the roots. Algae developed both in the sand cultures and in 
the water cultures. The growth of algae may be suppressed, however, 
by keeping the culture media in the dark and only exposing the tops 
of the plants to the light. The water-culture method should be well 
suited for anatomical studies. 



J*'io. 2. Cowpea seedling growing on Pfeffer’s nutiient agar. The one on the left 
is supported by wue screening. The one on the right is supported by a cheesecloth- 
and-cotton support. 

CROSS-ESrOCULATION EXPERIMENTS 

E. A. Bessey (3) has discussed the possibility of Heterodera radidcola 
developing physiological strains which prefer certain hosts and exhibit 
a reluctance to attack other hosts. Such straias are known in Tylenchiis 
dipsacfi and other organisms, and these strains are morphologically in¬ 
distinguishable from one another. Carefully washed roots of a plant 
infected with HeUrodera radicicola were placed in a pot of sterilized soil. 
Seeds of another kind of plant were sown in this pot, to determine if they 
became infected with nematodes of the other plant. Experiments 
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made in this way showed that Heierodera radidcola were mutually inter¬ 
changeable in the following plants: Red clover {Trifolium pratense), 
white clover {T. repens), crimson clover (IT. incamatum), cowpea {Vigna 
unguiculata), strawberry (Fragaria chiloensis), tree morning-glory 
{Ipomoea syringaefoUa), sunflower {Helianthus debilis), horse bean 
(Vida faba), ginseng (Panax quinguefoUum), purslane {Portulaca 
oleracea), fig {Ficus carica), papaya {Carica papaya), catalpa {Catalpa 
spedosa), tomato {Lycopersicon esculentum), and Old World grape 
{Vitis vinifera). All these affect the following, for which the reverse 
inoculation experiments were not made: Lettuce {Latuca sativa), green 
gram {Phaseolus radiatus), tobacco {Nicotiana tahacum), squash {Cucur- 
hiia moschaia), cucumber {Cucumis saMvus), and muskmelon {C. melo). 

Bessey concludes that, “The various families of plants represented in 
the foregoing list and the fact that the infections were obtained easily 
and very pronouncedly would seem to indicate the nematode causing 
root-lmot of the plants experimented with, including some of those 
most generally affected in the field, is not as yet very markedly differ¬ 
entiated into strains peculiar to certain hosts.” The results of the 
present experiment, so far as they go, seem to confirm this view. A 
large number of sources of Heierodera radidcola were not available, but 
the different sources which were available were utilized. The experiment 
has not progressed far enough to develop new sources. The results of 
cross-inoculation experiments are summarized in table 1. Infection 
took place readily in each case reported. The culture media mentioned 
in the table are described in another paragraph of the article. 


TABLE 1 —Results of cross-itioculaiton experiments. 


Plant under test 

Source of nematodes 

Culture medixun 

Where grown 

Cantaloupe varieties 

Gardenia plants 

Soil 

Greenhouse 

Whippoorwill cowpea 

Sesbania “ 

Pfeffer's Nutrient 
Solution. 

Laboratory 

<i <1 

Tomato plants 

Pfeffer’s Nutrient 
Agar 

Laboratory 

li (< 

it fi 

Sand 

Laboratory 

Tomato varieties 

Gardenia plants 

Soil 

Greenhouse 

Striped tomato 

it 

Pfeffer’s Nutrient 
Solution 

Laboratory 

Red Cherry tomato 

ti ti 

Pfeffer’s Nutrient 
Solution 

it 

Red Currant “ 

it ti 

Sand 

it 


Infeetion took place in each case. The sand cultures ware supplied with Pfeffer’s 
Nutrient Solution. See tables 3 and 4 for cantaloupe eud tomato varieties. 
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PLANTS FOUND TO BE INFECTED BY HETERODBBA RADICICOLA 

A number of different plants were sent to the writer for examination 
during the year. I have included all of those which showed positive 
infection in table 2. Some of these have been reported by other writers 


TABLE 2— Plants afected by Heterodera radidcola. 


Name 
Begonia sp. 

Gardenia sp. 

*Loiu8 comicvlatus 
Medicago hispida retiatdata 
*Phaseolus max (Mung bean) 

U li t4 44 

*Pisum sativum 
Prunus persica 
Sesbania macrocarpa 
Soja max (Mammoth Yellow Soybean) 

“ “ (Ito San Soybean) 

“ “ (Virginia Soybean) 

«i n ^ ^ 

*SHzolobium deeringianum (Velvet bean) 
*Trifolium alexandrium 
“ Mv^cowi 
“ “ Saidi 

*Trignmellafomum gracewn 
Vida agritinense 
V. biennis 
V. dasycarpa 
*V.fctba 
*V. fidgens 
V. hyJxrida 
V. ludovidana 
V. pannonica 
Vida peregrina 
V. polyphylla 
*V> saMva dwa 
” " leucosperma 

V. strida 
V. vUlosa 

Vigna mguiculata (Blackeye) 

'* “ (Brabham) 

” “ (Iron) 

“ “ (New Era) 

“ “ (Whippoorwill) 


Locality obtained from 
Greenhouse Berkeley, California 

44 It 44 

Field in Imperial Valley, Calif. 

(I 44 14 it It 

44 It 44 44 44 

Field in Fresno Co., California 
Field in Imperial Valley, Calif. 
Berkeley, Cahf. 

Field in Imperial Valley, Calif. 

44 it 44 it 44 


Field in Fresno Co., California 

II II II II II 

Field in Imperial Valley. Calif. 


II 

II 

II 

II 

II 

li 

It 

II 

II 

II 

II 

II 

II 

11 


I 

II 

II 

II 

II 

II 

11 

it 

II 

II 

II 

II 

11 

II 

II 


II II 


II 

it 

44 

II 

II 

II 

II 

M 

II 

II 

II 

II 

11 

II 

II 

It 

II 


Berkeley and Imperial Valley 


Fresno and Imperial Valley 
Berkeley and Imperial Valley 
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but have been included as confirmatory evidence. In every case, living 
organisms were found besides the characteristic nematode galls or 
swellings on the roots. Plants which were not infected have not been 
listed because we have no way of judging as to immunity unless the 
plants have been grown under controlled conditions. 

VARIETIES OF CANTALOUPES AND TOMATOES FOUND TO BE 
SUSCEPTIBLE TO IIETERODERA RADICICOLA 

Sixty-seven distinct varieties of cantaloupes were found to be sus¬ 
ceptible to nematode attack. Ninety-eight separate varieties and 
eight controlled hybrids of tomatoes were also found to be susceptible. 
In tables 3 and 4, I have listed the names of these varieties and the 
localities where they were obtained. The varieties were obtained from 
widely separated localities, as shown in the table. In many instances, 
samples of a given variety, like Earliana, were obtained from several 
different localities. Some samples were obtained from one party who 
had in turn received them from several different sources. In the case 
of nematode infection, the locality from which the variety was obtained 
had no effect on resistance, since no biological strains of Heterodera 
radicicola are known. All of the varieties and aU of the samples of these 
varieties of cantaloupes and tomatoes listed in tables 3 and 4 were 
found to be susceptible to Heterodera radicicola. 

In order to measure relative degrees of resistance, the plants must be 
grown under normal conditions, where they can complete their normal 
life cycle. The plants in the present experiment were largely grown in 
pots under greenhouse conditions, although a few varieties were grown 
under field conditions, and a few varieties were grown in the laboratory. 
In every case, however, the test was of value for estimating immunity 
or susceptibility rather than relative degrees of resistance. The section 
on Cross-Inoculation Experiments lists the sources of nematodes for 
the greenhouse and laboratory experiments. A few tomato varieties 
were grown on an infected piece of land at the U. S. Plant Introduction 
Gardens at Chico, Calif., but frost killed the plants before they com¬ 
pleted their normal life cycle. Observations were made on the Pollock 
10-25 cantaloupe in the Imperial Valley, but no data can be given on 
resistance, due to lack of controlled conditions. Por this reason, the 
detailed data for each variety has not been presented. The essential 
fact of the test is that every variety examined is at least susceptible to 
the attack of Heterodera radicicola. 
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TABLE 3— Varieties of cantaloupes found to he susceptible to Ileierodera radicwola. 


Variety 

Culture no. 

Locality obtained from 

Unnamed 

< t 

48 

49 

Pullman, Washington 

II II 

tt 

Acme 

51 

9 

II II 

San Francisco, California 

Admiral Togo 

60 

Detroit, Michigan 

Angella 

47 

Twin Falls, Idaho 

Armenian 

20 

Los Angeles, California 

Banana 

23 

II (1 <1 

Bay View 

6 

San Francisco, Cahfomia 

Blenheim Orange 

64 

Philadelphia, Pennsylvania 

it II 

78 

Reading, England 

BurrcU’s Gem 

8 

San Francisco, California 

CaMomia Beauty 

22 

Los Angeles, California 

Casaba Mixture 

19 

II II 11 

II II 

25 

II II II 

Champion Moiket 

65 

Detroit, Michigan 

Defender 

63 

II II 

Egyptian Deity 

35 

College Park, Maryland 

Emerald Gem 

11 

San Francisco, California 

Empress 

80 

Reading, England 

Extra Early Hackensack 

13 

Son Francisco, California 

Extra Tip Top 

75 

Indianapolis, Indiana 

Fordhook 

56 

Philadelphia, Pennsylvania 

Gautier’s Pineapple 

29 

Los Angeles, California 

Gold Lined Rocky Ford 

14 

San Francisco, California 

Golden Beauty Casaba 

4 

San Francisco, California 

Golden Eagle 

68 

Philadelphia, Pennsylvania 

Hackensack 

10 

San Francisco, California 

Half Hardy Green Fleshed 

81 

Reading, England 

Half Hardy Scarlet Fleshed 

82 

II II 

Honey Dew 

42 

Urbana, Illinois 

<( (< 

67 

Lexington, Kentucky 

Honey Dew, Hybrid Casaba 

16 

San Francisco, California 

Hoodoo 

44 

Urbana, lUinois 


64 

Detroit, Michigan 

Improved Hybrid Casaba 

27 

Los Angeles, California 

Indiana Cantaloupe 

83 

College Park, Maryland 

Jenny Lind 

21 

Los Angeles, California 

it ii 

43 

Urbana, Illinois 

ti ii 

62 

Detroit, Michigan 

King George 

85 

Reading, England 

Large Hackensack 

26 

Los Angeles, California 

Maryland Gem 

74 

College Park, Maryland 

Maryland Genua 

82 

It II II 

Mixed Cantaloupe 

86 

Reading, England 

Montreal Green Nutmeg 

38 

Urbana, Illinois 

n $i ti 

69 

Lexington, K^tucky 
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TABLE 3 —Coniirmed 


Variety 

Culture no. 

Locality obtained from 

Montreal Market 

15 

San Francisco^ California 

Montreal Market Nutmeg 

41 

Urbana, Illinois 

Netted Rock 

30 

Los Angeles, California 

Osage 

24 

Macdonald College, Quebec 

Osage Gem 

17 

Los Angeles, California 

Pa\il Rose 

18 

Los Angeles, California 

U it 

61 

Detroit, Michigan 

Persian 

2 

San Francisco, California 

Pollock 10-26 

7 

tl If II 

Pollock 10-25 Selections 

1 

Imperial Valley, California 

Rocky Ford 

3 

San Francisco, California 

It It 

46 

College Park, Maryland 

It It 

68 

Lexington, Kentucky 

Rosa 

71 

Waverly Mills, South Carolina 

Royal Jubilee 

91 

Reading, England 

Salmon Tint Pollock-26 

57 

Philadelphia, Pennsylvania 

Santa Claus 

28 

Los Angeles, California 

II It 

37 

College Park, Maryland 

Scarlet 

92 

Reading, England 

Selection of Buskuks Gem 

34 

College Park, Maryland 

Spicy 

59 

Philadelphia, Pennsylvania 

Superlative 

93 

Reading, England 

Texas Camionball 

70 

Lexington, Kentucky 

Ten Twenty Five 

39 

Urbana, Illinois 

Tip Top 

12 

San Francisco, California 

If it 

40 

Urbana, Illinois 

Tait’s Thoroughbred Bottomly Musk- 


melon 

52 

Norfolk, Virginia 

Thoroughbred Km’ght Muskmelon 

53 

II It 

Univereal 

95 

Reading, England 

Vaughan’s Original Osage 

45 

Urbana, Illinois 

Windsor Castle 

55 

Philadelphia, Pennsylvania 

Winter Pineapple 

m 

5 

San Francisco, California 

TABLE 4 —Varieties of tomatoes found to be susceptible to Heterodera radicieola 

Variety 

Culture no. 

Locality obtained from 

Acme 

266 

Moscow, Idaho 

Adirondack Earliana 

267 

It tl 

Albino 

306 

Lincoln, Nebraska 

tl 

306 

II II 

Anne 

146 

Berkdey, California 

Atlantic Prize 

23 

Los Angdes, California 

It ti 

268 

Moscow, Idaho 
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TABLE 4 —Contirmed 

Vaiiety 

Culture no. 

Locality obtamcd from 

Baur’s Yellow 

30 

College Park, Maryland 


34 

II II II 

B.C. 2-A 

50 

II II II 

ti tf 

51 

It If II 

Beauty 

15 

San Francisco, California 

Best of All 

303 

Reading, England 

Bonnie Best 

12 

San Francisco, California 

ti tt 

26 

Durham, New Hampshire 

Cahfomia Wild 

125 

Berkeley, California 

Canner 

48 

College Park, Maryland 

Chalk’s Early Jewel 

14 

San Francisco, Califorma 

Cherry 

46 

College Park, Maryland 

Coieless 

53 

fl tf II 

<1 

169 

Farmington, Utah 

Cuke X Coreless Borghese 

46 

College Park, Maryland 

Dwarf Aristocrat X Buckeye State 

39 

ft tt it 

It it II II 

49 

tt tt tt 

Dwarf Champion 

13 

San Francisco, California 

II II 

260 

Waverly Mills, South Carolina 

It II 

270 

Moscow, Idaho 

Dwarf Giant 

271 

Moscow, Idaho 

Dwaif Ponderosa 

272 

It tt 

Dwarf Quarter Century 

176 

Farmington, Utah 

Dwarf Stone 

131 

Philadelphia, Pennsylvania 

II II 

177 

Farmington, Utah 

Eaiiibcll A 

273 

Moscow, Idaho 

Eaahbcll B 

274 

fl tt 

Earliana 

16 

San Francisco, California 

II 

73 

State College, Peimsylvania 

IC 

146 

Berkeley, California 

(1 

276 

Moscow, Idaho 

It 

276 

Philadelphia, Pennsylvania 

tt 

277 

Moscow, Idaho 

tt 

278 

New York, N. Y. 

tt 

279 

Moscow, Idaho 

tt 

280 

II tt 

tt 

281 

It ll 

it 

282 

tt tt 

It 

283 

New York, N.Y. 

Earliest Market 

284 

Moscow, Idaho 

Early Detroit 

11 

San Francisco, California 

Early June 

286 

Moscow, Idaho 

Early Market 

285 

II II 

Early Prolific 

287 

tt tt 

Early Ruby 

288 

tt ft 

Fiascove 

83 

Mexico by U. S. D. A. 
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TABLE 4 —Cmtirmed 

Variety 

Culture no. 

Locality obtained from 

Ficarazzi 

264 

Columbia, Missouri 

Fifty Day 

289 

Moscow, Idaho 

First Early 

22 

Los Angeles, California 

Fusarium Wilt Resistant 

29 

Georgia 

Globe 

28 

ii 

Golden Dwarf Champion 

290 

Moscow, Idaho 

Golden Queen 

9 

San Francisco, California 

1 t << 

77 

Santa Ana, California 

Hardy Jewel 

147 

Berkeley, California 

Hummer 

32 

College Park, Maryland 

Individual Coreless Borghese 

64 

it It it 

John Baer 

5 

San Francisco, Cahfomia 

it (I 

291 

Moscow Idaho 

June Pink 

292 

ii it 

Kansas Standard 

293 

it it 

Large Meaty 

40 

College Park, Maryland 

Large Pear 

44 

ii it 

Large Plum 

62 

ti it it 

Large Yellow 

238 

Reading, England 

Livingston’s Coreless 

20 

Los Angeles, Cahfornia 

Livingston’s Favorite 

24 

if If a 

Livingston’s Globe 

8 

San Francisco, California 

it ii 

72 

Columbia, Missouri 

Louisiana Pink 

261 

Davis, California 

Maryland Slicing 

31 

College Park, Maryland 

it (l 

37 

it ti it 

Maryland Solid 

27 

it it 1C 

Matchless 

6 

San Francisco, California 

Matchum 

84 

State College, Pennsylvania 

Missouri 307 

254 

Columbia, Missouri 

“ 309 

255 

It (( 

“ 313 

266 

ft ft 

“ 314 

257 

ft it 

“ 317 

258 

C( tf 

Moore’s Early 

294 

Moscow, Idaho 

Murray’s New Perfection 

36 

College Park, Maryland 

Narduke 

57 

Lexington, Kentucky 

Norton 

66 

ft tf 

a 

88 

Santa Ana, California 

u 

140 

Cl ic it 

(1 

205 

Farmington, Utah 

Orobia 

76 

Mexico through U. S. D. A. 

it 

266 

Columbia, Missouri 

Payne's Victory 

26 

l<os Angeles, California 

Peach 

21 

ii it it 
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TABLE 4 —Continued 


Variety 

Culture no. 

Locality obtained from 

Pierrette 

307 

Paris, France 

P-I^M 

308 

II II 

Ponderosa 

7 

San Francisco, California 

<( 

108 

Manhattan, Kansas 

li 

143 

Philadelphia, Pennsylvama 

Porto Rico Wild X (Cherry X Mary- 


land Solid) 

47 

College Park, Maryland 

Porto Eico Wild X (Cherry X Red Rock) 35 

II II 11 

Piecoie 

82 

Mexico through U. S. D. A. 

Princess of Wales 

304 

Readmg, England 

Red Cherry 

81 

Santa Ana, California 

Red Currant 

63 

Santa Ana, California 

Red Forty Day Genoa 

263 

Columbia, Missouri 

Red Head 

295 

Moscow, Idaho 

Red Pear 

1 

San Francisco, California 

<< it 

65 

Santa Ana, California 

<1 (i 

139 

San Francisco, California 

Red Riding Hood 

297 

Moscow, Idaho 

It II it 

298 

II II 

II II II 

299 

It It 

Red Rock 

19 

Los Angeles, California 

II II 

296 

Moscow, Idaho 

Reich X Coreless 

33 

College Park, Maryland 

Rosso 

76 

Mexico through U. S. D. A. 

San Jos^ Canner 

4 

San Francisco, California 

Selection 

41 

College Park, Maryland 

Self Fuming 

300 

Moscow, Idaho 

Stone 

17 

San Francisco, California 

Striped Tomato 

78 

Berkeley, California 

Sunrise 

269 

Moscow, Idaho 

Tister's Empire 

55 

College Park, Maryland 

Trophy 

18 

San Francisco, Cahfomia 

Victoria Whole Salid 

SOI 

Moscow, Idaho 

Yellow Cherry 

86 

Santa Ana, California 

Yellow Cherry 

302 

Moscow, Idaho 

Yellow Pear 

2 

San Francisco, California 

II II 

64 

Santa Ana, California 

II (1 

138 

San Francisco, California 

Yellow Plum 

3 

l( tt {{ 

II II 

137 

II II It 

II II 

142 

Santa Ana, Califomia 

Yellow Ponderosa 

68 

It It 11 

Yep 

69 

Macdonald College, Quebec 

II 

148 

it II II 
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TABLE 5— Controlled Jiyhid tomatoes found to he susceptible to Heterodera radidcola. 


Red Currant 
Yellow Cherry 

it tt 

Yellow Pear 

t( ( 

tt H 

it 

Yellow Plum 


22-63 P-21 X Red Cherry 
22-86 P-8 X “ 

22-86 P-8 X Red Currant 
22-64 P-30 X Earliana 
22 8-2 P-1 X Red Cherry 

22.8- 2 P-2 X Red Currant 

22.8- 2 P—1 X Yellow Plum 
22-62 P—31 X Red Currant 


22-81 P-20 
22-81 P-8 
22-63 P-21 
22-70 P-8 
22-81 P-20 
22-63 P-21 
22.8-3 P-1 
22-63 P-21 


22.3 Fi—6 

22.3 Fi-2 

22.3 Fi-1 

22.3 Fi-13 

22.3 Fi-11 

22.3 Fi-9 

22.3 Fi-10 

22.3 Fi-12 
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A SPECIES OF OLPIDIUM PARASITIC IN THE ROOTS OF 
TOMATO, TOBACCO AND CABBAGE 

Mathilde Bensaede 

With Fiyb Figures in the Text 

Woronm’- m 1878 found a parasitic fungus m the roots and hypocotyi 
of bhghted cabbage seedhngs and named it Chytndium hasszcae The 
orgamsm was later transferred to the genus Olpidium by Dangeard,® 


a 



Fig 1 Cross section through cortical c^ of tomato root contammg zoosporangia 
(a) and resting spores (b) of Oljndvam sp (Camera lumda drawing, host c^ semi- 
diagrammatic ) 



Fig 2 Cross section of zoosporangium with neck-hke structure haMug reached 
the suiface of the parasitized cabbage root The protoplasm is dividing mto zoospores 
(Camera lucida drawing, the host cells semi diagrammatio ) 

and is now known as Olpidium hrasncae (Wor) Dangeard The patho- 
gemcity of the fungus has been assumed without any experimental 


1 Woronm, Jahrb Wiss Bot 11 5S6 1878 

’ Dangeard, Ann Scienc Nat Ser 7, 4 327 1886 
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evidence. Peters and Schwarz,^ in a bulletin on tobacco diseases, 
report that a yellowing and blighting of tobacco seedlings caused by 
Olpidium hrassicae has often been observed in Dalmatia and Gallizia. 
Eoot cells of tobacco invaded by Olpidium are figured after Preissecker. 
The writer has not been able to find in the bulletin or aii3rwhere else 
the leference to Preissecker’s work, and has not seen the original paper. 

Smce the writer has found no case of Olpidium, as a root parasite, 
reported in American literature, it seems worth while to give a brief 
description of an Olpidium infection of the roots of several plants ob¬ 
served in the green house while working with another root disease of 
tomato and tobacco at the University of Wisconsin. 



PiQ. 3. Cross-section through a zoosporongium parasitic in a cabbage root cell. 
The neck is growing into a root hair. (Camera lucida drawing, the host cell semi- 
diagrammatic) 

The infection was first found on tomatoes. Tobacco and cabbage 
plants grown in the same soil became readily parasitized. Infected 
plants developed quite normally. Even the roots looked healthy save 
for some areas of superficial and very shght discoloration. Seeds of 
cabbage and tobacco sown in infected soil produced quite normal 
seedlings, yet upon examination the roots proved to be heavily infected. 
In ijB morphology the fungus found in roots of tomato, tobacco, and 
cabbage corresponds very closely to the description of Olpidium hraasicae 
given by Woronin. The zoosporangia are found singly or several to¬ 
gether in cortical cells. They are most abundant in the outer layer, 

^ Peters and Sdiwarz, Mitt El. Biol Anst. f. Laud-u Forsiwirtsch.Heftl3:10. 1912. 
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but axe also often found at a considerable distance from the surface, as far 
inward as the fourth or fifth row of cells. These bodies are spherical 
or else slightly elongated in the direction of the longer axis of the host 
cell. The walls are smooth, relatively thin, and very permeable to 
stains. The protoplasm, dense in young sporangia, divides when 
maturity approaches into areas correspondmg to the future zoospores. 
At maturity the zoosporangia produce a neck-like structure through 
which the zoospores are liberated. In our preparations a plug of dense 
protoplasm was always present at the apex of these structures before 



Fig. 4. Zoospoiangium having discharged the zoospores, apparently mto a root 
hair. (Outline of zoosporangium drawn with camera lucida, host cells semi-diagram- 
matic) 


10 


Fig. 6. Surface view of resting spoie teased out of host cell 

rupture. The latter vary greatly in length from one zoosporangium to 
another. Most of them grow through one or several cells to the surface 
of the host (Fig. 2) and apparently discharge their contents directly 
into the soil. Others never reach the surface of the host and probably 
liberate the zoospores into the cortical cells or root hairs in which they 
terminate (Figs. 3 and 4). According to Woronin the zoospores of 
Olpidium brassicae are spherical, with one single anterior flagellum. 
Having never seen mature zoospores we do not know if this is also the 
case for the Olpidium in question. Resting spores similar to those 
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described by Woronin were found abundantly in the outer cell layer of 
roots, often at the base of root hairs. The resting spores are white or 
light yellow with a thick wall impenetrable to thionin; the protoplasm 
is colorless, granular and rich in oil droplets. Young resting spores are 
slightly polygonal in contour, older ones become wrinkled and covered 
with ridges (Fig. 4), appearing star-shaped in cross section (Fig. 1). 
Characteristic thick-walled resting spores were observed not exceeding 
6 to 7 microns in diameter. The larger ones found attained a diameter 
of 30 microns. The ultimate development of the resting spores has not 
been observed. 

Judging by the figures and short description of Woronin, the Olpidium 
described in this note seems to be identical with Olpidium brassicae 
(Wot.) Dangeard. The serious pathogenic action attributed to this 
fungus by Woronin and other above mentioned authors was not ob¬ 
served. Further investigation would be necessary in order to ascertain 
whether the earlier writers were justified in attributing to the Olpidium 
present in the lesions the blighted condition of cabbage and tobacco 
seedlings, and whether the Olpidium observed in Wisconsin is really 
identical in every respect to the European Olpidium brassicae (Wor). 
Dangeard. 

University of Wisconsin. 



A NEW HOST FOR BACTERIUM MALVACEARUM 
J G Brown A^D Frederick Gibbon 
With T\\o Figures in the Text 

In the autumn of 1922 it occurred to the writers that cross-inoculations 
of Puna-Egyptian cotton and Arizona wild cotton (Thurhena thespes 2 ^ 
cndes), with the angular leaf spot orgamsm Bactenum mdLvaceaiumf 



Fig 1 Young plant of Arizona wild cotton Thurhena thespmoadea 

should prove mterestmg Accordingly seeds of Thurberia were planted 
m a bed m the greenhouse, which already contamed plants of the Pima- 
Egyptian strain of Gossypium, and moculations were later made which 
are briefly described below 
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Thurhetia thespesioides is a perennial shrub varying in height from 
four or five feet to ten feet or more. It grows in washes, arroyos, 
canyons, and on caynon walls in southeastern Arizona, at altitudes of 
two thousand to seven thousand feet. The leaves, which are mostly 
tri-lobed, are thinner and more delicate and the stems woodier than those 
of cultivated varieties of Gossypium. 



Ftq 2 Leaves of Arizona wild cotton showing spots infected with the angular 
leafspot organism Bacietzum mcUvacearum The leaf on the left has a dymg middle 
lobe; that on the right has a margmal infection. 

When the plants of Thurberia in the greenhouse were about one foot 
high they were inoculated with a pure culture of Bacterium malvaceaium 
obtained from Pima-Egyptian cotton grown on the Salt River YaUey 
Parm of the Arizona Agricultural Experiment Station. Inoculations 
were made by spraying and also by rubbing the inoculum on the leaf 
surfaces with the fingers. At the same time the Pima-Egyptian plants 
were treated similarly. Infections resulted in both kinds of plants, 
although they were slower to appear in the Thurberia plants. From 
the infected areas, the angular leaf spot organism was isolated. 
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The infected spots on the wild cotton were generally confined to the 
leaves and were usually found along the veins as shown in figure 1, 
whether the leaves were young or mature. In a few leaves the infected 
areas were marginal, and in some others they were intervenar and exactly 
similar to the angular spots on cultivated cotton caused by Bacterium 
malvacearum except that they were smaller because of the smaller size 
of the intervenar spaces in leaves of Thurberia. Eventually the in¬ 
fected area became dark brown, the tissues yellowed beyond the diseased 
region, and the leaf dropped. Shedding of the leaves of Thurberia 
appears to result from much less infection than is the case with culti¬ 
vated varieties of true cotton. Only one t 3 rpical black arm lesion was 
found, which was located on a green twig. 

Arizona Agriculturad Experiment Station, 

Tucson, Ariz. 



DISCOVERY OF CURLY LEAF OF SUGAR BEETS IN 
THE ARGENTINE REPUBLIC 

P. A. Boncqubt 

During the season from August 1916 till February 1917, the writer 
was investigating the possibilities of the sugar beet industry in the 
Argentine Republic. This study was started under the direction of the 
Franklin & Herrera Land Company of Buenos Aires. Three stations 
were established: one in San Isidro, one in Guatrache and one in Colonia 
Alvear. Small plots of beets were grown and the development of the 
beet noticed. 

The curly leaf of beets was first observed at San Isidro, a suburb of 
Buenos Aires. The plants affected were a variety of small beet growing 
spontaneously along the Rio de la Plata. The black rings in the root, 
the protuberances on the leaves, and the dwarfing of the heart leaves 
were characteristic signs of the presence of the disease. The discovery, 
however, was so unusual and so unexpected, that it did not convince 
the writer to his complete satisfaction. A search for more evidence was 
at once imdertaken and a great number of vegetable gardens around 
Buenos Aires, where garden beets were grown, were visited. In most 
places, where garden beets were found, the same symptoms of the disease 
were observed. But, as it was winter then, the disease was rather of a 
mild type. Efforts were made to find specimens of Eutettix tenella 
Baker, the leaf hopper whose sting incites curly leaf. A few were cap¬ 
tured and examined. They had the same appearance as those which 
the writer captured in Berkeley, Califomia, in 1914. They were dark 
grey, full-grown and ready for oviposition. Dark specimens of the same 
kind have repeatedly been observed during the winter of 1915 in the 
Salmas Valley, Califomia. There, they were hiding under the grass in 
the irrigation ditches and on sunny days became active on those sides of 
the ditches which were exposed to the sun. This winter form of the 
insect was observed not only in the beet gardens, but also along the Rio 
de la Plata at San Isidro, the seasonal and regional conditions being very 
similar to those in Berkeley and in the Salinas Valley in Califomia. 

Upon his arrival in Colonia Alvear (Western Argentina), the writer 
visited the experimental beet plots of the Colonia Alvear Land Company. 
The beets which had been left from the previous year had aU gone to 
seed. However, the signs of curly leaf were evident. The protuber¬ 
ance on the leave and the rings in the roots, characteristic of the 
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disease, were noted. Microscopic examination revealed also the char¬ 
acteristic ring-shaped and S-shaped bodies in the necrotic phloem 
bundles. 

By this time, hardly any doubt could remain as to the presence of the 
disease in the southern republic. A few specimens of Eutettix tenella 
were also discovered there at this time. Nevertheless, a careful study 
was undertaken in order to corroborate our conclusions. Small beet 
plots were sown in Colonia Alvear, where the writer resided dunmg the 
following summer (November-February). These plots were kept under 
close observation. Efforts were made to locate the breeding grounds 
of the insect in these regions. It was found at this time that the insect 
was present quite abundantly on the mud flats of the river Atuel, which 
passes through Colonia Alvear. Here the vegetation was of the salt 
marsh type and vegetation was more abundant than in the desert. 
However, a few specimens of Eutettix tenella were also found in the fields. 
The beets in the experimental plots came up and grew luxuriantly, as 
the soil is very fertile. No disease was observed until the beets were 
fully covering the ground. At this time a few beets began to have the 
watery translucent veins on the youngest leaves. Five days later, more 
than fifty per cent of the beets had developed the disease with all the 
characteristics which could be desired for identification. Ten days later 
only a few beets could be found which did not show some of the symp¬ 
toms. So bad was the infection that a great number of the beets died. 

By this time, Eutettix tenella was abundant both on the beet plots and 
in the adjacent bean fields. They were all full-grown specimens and 
rather light grey in color. On the desert vegetation, which was now 
drying up, many n 3 nmphs were to be found. The condition was about 
the same as the writer has observed many times aroimd Visalia and also 
in the Salinas Valley (California). 

The habitat and the habits of Eutettix tenella appear to be the same in 
South America as in North America. From Buenos Aires southward 
along the coast to Bahia Blanca, westward across the continent to 
Colonia Alvear and Mendoza, one meets climatic and regional conditions 
about the same as along the coast and in the valle 3 ^ of California. 
Eutettix tenella is met with over those vast regions and this seems to be 
in its natural habitat. The habits of the insect and its relation to plant 
life seem to be the same in both continents. The insect moves from 
one aspect of vegetation to the other as they succeed during the season. 
It wants fresh growth for its nourishment and the plants which have 
the youngest green are usually the plants upon which it feeds. If in 
the middle of a desert a cultivated beet field appears at the time the 
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natural vegetation is drying up, the Eutettix tmella moves towards this 
young growth as occurred on our experiment plot in Guatrache. 

Specimens of Eutettix tenella were caught and preserved in alcohol. 
They were identified by Mr. E. P. Van Duzee of the California Academy 
of Sciences, San Prancisco, as being identical with our species, and speci¬ 
mens were deposited in the collection of the Academy. The insect in 
its local habitat seems to migrate from the foothills of the Andes and to 
invade the desert region following up the green vegetation after the winter 
rains have ceased. The insect has been found around Buenos Aires, 
in Guatrache, Alpachiri and Bahia Blanca (South-East), in Colonia 
Alvear and Mendoza (West), covering the major part of the temperate 
and sub-tropical zones of the Argentine Republic. 

Specimens of diseased beets were also brought to the University of 
California for determination of the dkease by Professor R, E. Smith of 
the Division of Plant Pathology. The insects and diseased plants were 
also examined and identified by D^. H. H. Severin of the Division of 
Entomology. 



PHYTOPATHOLOGICAL NOTES 

Apple hitter-rot cankers in the eastern United States. In U. S. Depart¬ 
ment of Agriculture Bulletin 684, published in 1918, the writer stated 
that after careful search he had been unable to find bitter-rot cankers 
in the apple orchards of the eastern United States. He also noted that 
he had found no record of the occurrence of bitter-rot cankers in this 
region. On April 4, 1921, Dr. Errett Wallace of the Bureau of Plant 
Industry, U. S. Department of Agriculture, collected near Cornelia in 
northern Georgia, two diseased apple branches which he turned over 
to the writer. These branches bore typical bitter-rot cankers which, 
after remaining in moist chambers for 18 hours, were covered with the 
pinkish acervuli so characteristic of Glomerella cingulata. The spores, 
also, were in every way typical. On artificial media growth and de¬ 
velopment were the same as for authentic cultures from diseased fruits. 
Inoculation of healthy apples produced typical bitter-rot. In so far as 
the writer has knowledge of the subject, this is the first time that bitter- 
rot cankers have been reported from an Atlantic Coast State. The 
cankered branches have been deposited in the OfiSce of Pathological 
Collections, Bureau of Plant Industry, U. S. Department of Agriculture. 
—John W. Roberts. 

Plum blotch. The attention of those interested in the plum disease 
caused by Phyllosticta congesta and described by the writer in the Journal 
of Agricultural Research, vol. 22, is called to the following paragraph 
on page 95 of the Cornell Agricultural Experiment Station Bulletin 38, 
“The cultivated native plums and cherries” by L. H. Bailey, published 
in 1892. 

“A fruit spot (Fig. 12) has been sent me by T. V. Munson, 
Denison, Texas, on the Golden Beauty. The disease is said to 
be serious in some years. It does not injure the fruit greatly 
except to disfigure it and to render it unmarketable. I sub¬ 
mitted the specimens to Prof. J. E. Humphrey, of the Mass. 
Agricultural College, who found the disease to be a phoma, but 
the exact species could not be determined. It is, no doubt, 
somewhat allied to the black-rot of the grape, and the treatment 
used for grapes should be tried upon the plum.” 

The disease mentioned by Bailey is undoubtedly blotch. Fig. 12 is 
a line cut reproduction of a pen drawing showing a plum with nmnerous 
spots closely resembling blotch. As Phyllosticta and Phoma are closely 
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allied genera and as forms are commonly placed in one or the other 
according to their situation with regard to the host, Humphrey's iden¬ 
tification of the fungus is easily understood. The very close resemblance 
between the Phoma stage of the grape black-rot pathogen and Phyl~ 
losticta congesta probably suggested the possibility of relationship between 
the two diseases. The Golden Beauty is a variety propagated from a 
plum found growing wild in western Texas and belongs to the Wayland 
group of Prunus hortulana. The finding of the disease on this variety 
as long ago as 1892 suggests the possibility that it may be indigenous 
and may have passed from wild plums to cultivated varieties and to 
other species such as Prunus triflora on which it was found in Georgia. 
This possibility is further supported by the fact that Phyllosticta congesta 
was originally described by Heald and Wolf as occurring on plum leaves 
in Texas.— ^John W. Robebts. 

Brown rot of apple. During the past winter the writer was making 
cultures from a considerable number of Stayman winesap apples for the 
purpose of securing cultures of Glomerella rufomaculans and was very 
much surprised to find that in nearly every case the decay was due either 
to Botrytis or Sclerotinia. Eight strains of the former and three of the 
latter were grown on four different media and carefully studied. In the 
case of Botrytis the strains showed very slight variations; in fact there 
was not as much variation between the different strains when grown on 
the same medium as between cultures of the same strains on different 
media. The conidiospores were mostly spherical and about 16 (j. in 
diameter but some of them were elongated and measured 16 X 20 ti.. 
Sclerotia were formed most abundantly on the oatmeal agar and ranged 
from one mm. in diameter to those t^t were 6X8 mm. in size. The 
Sclerotia cultures showed a great variation in vigor of growth and in 
size of conidiospores. The weakest grower developed spores ranging 
from 8 X 12 to 6 X 16 ia; the next stronger developed spores measuring 
from 20 X 20 to 24 X 36 y*; while the strongest grower developed spores 
measuring from 16 X 20 to 24 X 28 y..—^M bl. T. Cook;. 

A greenhouse disease of melons. During the winter of 1922-23, the 
attention of the writer was called to a disease of muskmelons in a green¬ 
house in northern New Jersey. The seeds were imported from England 
and the plants were grown on trellises, each plant being allowed to bear 
only one fruit. The disease was designated as “streak” by the gardener 
because that term very aptly described the symptoms. The gardener 
informed the writer that the first evidence of the disease would appear 
at any point on the vine and work in both directions as a dead brown 
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streak in the stem and frequently work out into the leaves. Pure 
cultures were obtained of a Fusarium very similar to F. vasinfecium but 
no inoculations were made to determine its pathogenicity. The question 
as to whether the organism was in the sod or in the seed could not be 
answered but it was probably the former.— Mel. T. Cook. 

A serious disease of wheat caused hy Sclerotium rhizodes in Idaho .— 
Early in the spring of 1922 specimens of a sclerotium disease on winter 
wheat was sent to the writer from Fremont County, Idaho. The disease 
was reported to be generally present in wheat fields aggregating about 
300 acres and appeared to be causing considerable damage to wheat over 
that area. The original report of the disease stated that effected plants 
were covered with yellow or brown bodies and that when the snow melted 
these plants were covered with a mouldy growth. The disease appeared 
to be most severe where the snow had remained on the ground late in the 
spring. As the spring was exceedingly backward many farmers had 
attributed the injury to the heavj blanket of snow remaining so long< 
on the ground. 

Many of the plants which were sent in to the Experiment Station 
at Moscow were entirely dead. Others were only partially dead, the 
inner leaves stiU remaming a light green. The lower portions of these 
green leaves were often blackened and m some cases brown spots ap¬ 
peared upon these leaves. The bodies referred to above which according 
to reports were yellow or brown earlier in the season were found to be 
sclerotia and were a very dark brown or in most cases black when the 
specunens were received. They were scattered over the surfaces of the 
dead and dying leaves to which they were attached very securely. 
It was found practically impossible to separate them from the leaf 
surface without tearmg the leaf. They were also^resent on the roots 
for one or two inches below the crown, and were found in great numbers 
embedded inside of the leaf sheath. The^were about the size of the 
head of a small pin, spherical, or somewhat oval and flattened when dry 
and wrinkled or corrugated over their surfaces. They were very num¬ 
erous on dead plants and on the dead leaves of plants which were partially 
killed. Twenty-five sclerotia were counted in one inch of the leaf of a 
dead plant. 

As the writer was not familiar with the disease and did not have 
available facilities for determining it, specimens were sent to the Office 
of Pathological Collections of the United States Department of Agricul¬ 
ture for determination. The sclerotia were identified as sclerotia of 
Sclerotium rhizodes Awd. Miss Vera K. Charles of the Office of Patho- 
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logical Collections states in a letter regarding the matter that a similar 
specimen was sent in by Prof. R. A. Cooley of the Experiment Station 
at Bozeman, Montana in 1907 

The writer visited the region where the disease occurred late in June 
and made a rather careful survey of infected fields. The disease was 
found in a number of fields, the losses in the various fields ranging from 
a trace to fifty per cent in some cases. The disease appeared in spots 
in the fields and in these spots the majority of the plants were killed. 
The old dead plants could still be found on the ground where they had 
been killed in the rosette stage of growth. Around the margin of these 
spots as well as scattered thiu the fields could be found plants which 
were only partially killed. These plants usually had but one or two 
weak stalks which often had failed to produce heads, 

Thus far the present season the disease has not been reported. A 
careful survey wi’l be made for it this year and careful investigation 
will be undertaken should it appear again.—C has. W. Hungerpord. 

Personals: Dr. John Asbury Elliott, Professor of Plant Pathology in 
the Umversity of Arkansas and Plant Pathologist for the Arkansas Agri¬ 
cultural Experiment Station, died Thursday, January 18, at the Homeo¬ 
pathic Hospital, Washington, D. C. While at the Boston meetings of 
the American Phytopathological Society he became ill, and, after coming 
to Washington, pneumonia developed. The funeral services and burial 
were held January 20, at Rock Creek Cemetery in Washington, D. C. 

Dr. Elliott held degrees from Fairmount College, the Umversity of 
Kansas and the University of Illinois. From May 1916 to July 1917 
he was Assistant Plant Pathologist at the Delaware Experiment Station, 
and from July 1917, tmtil the time of his death he was the head of the 
Department of Plant Pathology at the Umversity of Arkansas. He 
was thirty-five years old and leaves a wife and two children. 

The September number of Phytopathology was issued September 18,1923. 
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TIME-TEMPERATURE CURVES FOR KILLING POTATO 
TUBERS BY HEAT TREATMENTS 

F. M. Blodgiitt 
With thkeh Fiqxtebs in thh Text 

The mosaic and leaf-roll diseases of potatoes were early found (8) to 
be transmitted from year to year by means of the tubers. Since none 
of the disinfecting solutions used experimentally or in practice has shown 
the slightest indication of reducing the amount of either of these diseases, 
and since they may be transmitted by using the juice of diseased plants 
(4), it may be accepted without much question that the disease producing 
agent is internal in the tuber. Some method of heat treatment, there¬ 
fore, would be indicated as offering possibilities of success. The experi¬ 
ments reported here were conducted with particular reference to the 
two diseases mentioned. Experiments were made both by treating 
potatoes in a hot water bath and in a hot air oven. Advantage was 
taken of the opportunity thus offered to formulate an approximation 
of the conditions of time and temperature necessary to kiU potatoes by 
such treatments. This is believed to be worth recording both as a guide 
that may be used in the treatment of potatoes by these methods for 
other diseases and as indicating the conditions under which potatoes 
may be injured in storage or transit. It is hoped also that the results 
presented here may give some clue to the effect of varying the temper¬ 
ature in other seed treatments. 

The plan was to make experiments over as wide a range of temperatures 
as practicable. At each temperature selected, treatments were made 
over a range of time intervals from comparatively short treatments up 
to treatments long enough to kill the potato. This was deemed necessary 
, and desirable since it is easily conceivable that the time-temperature 
death curve for the potato might cross the time-temperature death 
curve for the infective agent of mosaic. Thus the potato might be 
killed more quickly at one temperature and the infective agent of mosaic 
more quickly at another temperature. That this is possible is indicated 
by the results of Miss Chick (3) in the killing of bacteria by hot water. 
She found that the velocity of disinfection is increased more than 100- 
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fold per 10° C. rise in temperature in ease of B. typhosus, 29-fold per 10° C. 
for Staphylococcus pyogenes, and 12-fold per 10° G. for B. Coli. 

After the treatments, the potatoes were labelled and stored at labora¬ 
tory temperatures where they either sprouted in a short time or if 
killed by the treatment dried up or rotted. They were inspected from 
time to time. If they sprouted a record was taken of the approximate 
kind and amount of sprouting and the potatoes were planted in the green¬ 
house to see whether they produced leaf-roll or mosaic plants, according 
to whether the seed treated was taken from mosaic or leaf-roll plants. 
If the potatoes were killed by the treatment no effort was made to 
determine whether the virus was still infective or not. This would 
have been desirable but the methods of inoculation so far tried did not 
seem certain enough to make the attempts worth while. 

In this manner, the time necessary to completely kill potatoes was 
sought at each temperature at which tests were made. The time finally 
accepted as the one sought was one midway between the treatment 
where the last potatoes sprouted and the first in which no sprouting 
occurred. This is clearly only an approximation both because the end 
point is not sharply defined and because the end point found is more or 
less dependent on how near together the intervals selected for treatment 
are in this neighborhood. 

HOT WATEE TREATMENTS 

The hot water treatments were made in a water bath in tap water, 
heated by an electric heater under thermostatic control. Mechanical 
agitation was supplied in all the later tests. 

In making the treatments it was found better to place the potatoes 
in the bath a few at a time at such intervals that they could be removed 
aU at once to give the series of treatments at the desired intervals. In 
this way the temperature of the bath was not measurably disturbed by 
the addition of potatoes. 

A sample of the data recorded in one test is given in table 1. A series 
of twenty-eight such tests were made at different temperatures varying 
from 34.6° C. to 80° C. A summary of these tests is shown in table 2. 
As shown in table 1, the end point at 66.6° 0. lies between 22 and 26 
minutes. In making up summary table 2 the midpoint between these* 
two times, i. e., 24 minutes was chosen as representing the time for killmg 
as nearly as possible from the data at hand. 

It is to be noted that the potatoes used in different tests differed in 
age and variety but the results were so uniform that they are all con¬ 
sidered together. 
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TABItE 1 —Hot water treaiment at a temperatwre of 55.5° C. of him sprout potatoes deeded 

with leaf-roll. 


Length of 
treatment 

Conditions of potatoes 

Progeny 

Mar. 21 

Apr. 7 

May 15 

July 26 

0 min. 

2 “ 

4 “ 

8 “ 

! 

sprouted 

It 

! 

(f 

it 

sprouted 

<1 

tl 

tt 



Leaf-roll 

tt tt 

It II 

(t tt 

14 " 

not sprouted 

not sprouted 

slender 

sprouts 



16 “ 1 


1 <( 

1 

one sprout 


CC il 

18 " 

(t 

1 

(( 

firm no. 
sprouts 



22 “ 


U 

it 

4 ■weak 
sprouts 

II tt 

■ 

■withered 
dried up 
black 
shrunken 

dead 

\ 

i 




The results are also shown in figure 1 in which temperatures in degrees 
Centigrade are plotted as abscissas and the logarithms of the times in 
minutes are plotted as ordinates. When plotted in this way, the points 
seem to approximate a straight line so that the relation of time to 
temperature in the killing of potatoes may be expressed by one of the 
standard forms of equation of the straight line as 

y + mx -^h == 0 

in which y equals the logarithm^ of the time and x is the temperature in 
degrees Centigrade. When this was fitted by the method of least 
squares the following values were found for the constants m and 6. 

m — .09552 ± .0026 
6 « —6.5896 ±.0191 

The equation 

y + .09652® « 6.5896 

^ Wherever logarithms appear in this ardcle fire common or Brigs system is used. 
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TABLE 2 —Time required to kill potatoes at different temperatures in a water hath. 


Temperatiire 
in degrees 

Time in 
minutes 

Disease 

Variety 

Date 

Centigrade 

34.5 

2310 

Mosaic 

Bliss 

6/9/21 

35 

2370 

11 

II 

6/16/21 

35 

2700 

If 

11 

6/3/21 

40 

480 

it 

II 

5/6/21 

40.5 

495 

Leaf-roll 

Burals 

2/10/22 

41 

570 

Mosaic 

Bliss 

7/14/21 

44 

370 

Leaf-roll 

Burals 

2/16/22 

50 

60 

Mosaic 

Bliss 

3/24/21 

50 

60 

fC 

11 

3/3/21 

50 

45 

ft 

11 

3/11/21 

49.7 

47.6 

Leaf-roll 

Biurals 

2^172 

55.5 

24 

<1 << 

11 

2/23/22 

56 

10 

Mosaic 

Bliss 

5/3/21 

59.6 

10 

If 

11 

7/3/21 

60 

4.25 

II 

it 

3/24/21 

60 

11 

II 

II 

3/4/21 

60 

12 

Leaf-roll 

Burais 

2/22/22 

65 

1.12 

Mosaic 

Bliss 

4/12/21 

65 

1.25 

If 

it 

3/25/21 

25.8 

2.00 

Leaf-roll 

Eurals 

2/23/22 

70 

.25 

Mosaio 

Bliss 

7/25/21 

76 

.66 

If 

II 

7/22/21 

80 

.266 

II 

Cl 

7/25/21 


is therefore offered as an empirical approximation of the relation of the 
time and temperature for killing such potatoes in hot water treatments. 
The potatoes used in these experiments came from definitely diseased 
plants either of mosaic or leaf-roll as indicated. The behavior of 
perfectly healthy tubers, therefore, can not be stated certainly from these 
tests but judging by the work reported by McCurry (6) and by the 
results reported later in this paper under hot air treatments it is alto¬ 
gether probable that the curve or equation as given above represents 
the conditions under which healthy potatoes are killed very nearly if not 
quite as well as for diseased tubers. 

The deviations of some of the killing points found from this line are 
rather wide but the deviations seem to be random variations rather than 
a tendency for the points to curve away from the line in any part of it. 
They are, therefore, attributed to errors in observation and particularly 
to the rather indefinite end point. The errors are largest at high tem¬ 
peratures where the time intervals for killing are very short and more 
difficult to measure accurately by the method used. 
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Since the method of fitting the curve is essentially a method of aver¬ 
aging all the observations, it seems reasonable to suppose that the 
curve or the equation of the curve represents the time necessary to kill 
the potatoes at any given temperature better than any single observa¬ 
tion made at that temperature. They also fairly represent what may 
be expected at intermediate temperatures at which no observations were 
made. 



Fia. 1. Graph showing time (expressed as log time in minutes) required to kill 
potatoes when treated at different temperatures in hot water. 

In the equation of this curve the constant m represents the slope of 
the curve or the amount of change in the logarithm of the time for one 
degree change in temperature. This would be equivalent to changing 
the time by multiplying it by the antilogarithm of w for each degree 
of lowering of the temperature, i. e., by 1.246, for a lowering of two 
degrees by (1.246)*, for a lowering of 10 degrees by (1.246)^® or 9.02. 

To illustrate, it may be calculated from the equation that at 70® C. 
potatoes are Med in about .8 of a minute. If the temperature is 
lowered by 10® to 60® C. the time is 9.02 X .8 or 7.218 minutes. At 
60® the time is 65.1 minutes and at 40® it is 68.72 minutes. 

A similar relation was found by Miss Chick (3) between time and 
temperature in the killing of B. Typhosus by hot water. Bigdow (2) 
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has also found that this type of curve resulted when the thermal death 
times were determined for fifteen thermophilic bacteria. The writer 
has also found indications that similar results are to be expected in 
killing potatoes in mercuric chloride solutions, though the experiments 
so far made have not been very extensive. 

So far as the work with dilute mercuric chloride solutions has progressed, 
it may be said that the time temperature curve for killing potatoes seems 
to be a little below the hot water curve and approximately parallel to it. 
This suggests that the hot water curve may serve as a rough guide in 
selecting treatments of suitable duration in other experimental treat¬ 
ments of potatoes with dilute disinfecting solutions. 

It may also be mentioned, though no careful study was made, that 
in the treatments in hot water, potatoes treated in the neighborhood of 
the tune-temperature combination necessary for killing, in general, 
exhibited symptoms of black heart. Not many of the potatoes were 
cut open as it was desired to see whether they sprouted without causing 
additional danger from rot by exposing cut surfaces. However, black 
heart was observed throughout the range of temperatures tried when 
treatment of suitable duration was made, even at temperatures up to 
100® C. At the higher temperatures the range of duration of treatments 
in which black heart occurred was very limited. If the potatoes were 
treated too long at the higher temperature (60° to 100°) the tubers were 
apparently completely killed before the black heart had time to develop 
and in this case they remained white. Also at the higher temperatures 
a rmg is formed, at short intervals just at the surface of the potato and 
at increasingly longer treatments the ring grows smaller and smaller 
until finally a dark spot only is formed at the center of the potato. 
Presumably the part outside the ring is killed so quickly that it re¬ 
mains white while the part inside has not been treated long enough to 
bring about this reaction. 

TREATMENT OF POTATOES DST A HOT AIR OVEN 

After most of the treatments of potatoes in hot water had been made, 
it was noted that the time necessary to kill potatoes in this manner 
was much shorter than the time necessary to kill potatoes in a hot air 
oven as reported by Pethybridge (7) and by Bartholomew (1) at tem¬ 
peratures where comparisons could be made. Therefore, it seemed 
desirable to make some treatments in a hot air oven for comparison. It 
appeared not impossible that the killing of the potato or of the virus of 
mosaic would be brought about by a sufficiently different reaction so 
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that the virus could be destroyed by this method without killing the 
potato even though the hot water method had failed. 

The general methods used were similar to those used in the hot water 
treatments. The potatoes were suspended in a Fries hot air oven by 
cotton strings to avoid contact with metal. The air in the oven was 
kept in circulation by means of an electric fam. The potatoes used were 
mostly affected with mosaic, though a few treatments were made with 
healthy potatoes. The potatoes which sprouted after the treatments 
were planted in the greenhouse. All potatoes that were known to be 
affected with mosaic before treatment gave rise to mosaic progeny 
when planted. From the standpoint of the control of mosaic, then, this 
treatment is a failure. 

By the same method as in the hot water treatment a summary of the 
killing of potatoes in a hot air oven was prepared. These results are 
given in table 3 and also shown in figure 2. In this case plotting the 


TABLE 3 —Time required to kill 'potatoes {variety Magnum Bonum) in a wdl ventilated hoi 

air oven at different temperatures. 


Temperature 
in degrees 
Centigrade 

Time in 
imnutes 

Conditions 
of potatoes 

^^ate 

35 

187200 

Mosaic 

3/30-9/11/22 

40 

6300 

U 

8/14/22 

45 

1980 

tt 

3l2S-2if22 

60 

270 

Healthy 

3/20/22 

60 

77.6 

tt 

3/21/22 

60 

56.5 

Mosaio 

8/23/22 

06 

32.5 

li 

8/24/22 

70 

29 

II 

8/29/22 

70 

35 

Healthy 

3/20/22 

70 

32.6 

Mosaic 

ZJ22I22 

80 

19 

tt 

3/25/22 

90 

20 

it 

3128/22 

100 

11 

tt 

4/7/22 

120 

10 

tt 

3/29/22 


logarithms of times as ordinates and the temperatures as abscissas does 
not give a straight line curve but proves to offer a convenient scale to 
-work with where so wide a range of times are involved. Also a com¬ 
parison may be made directly between the two treatments when they 
are both plotted in the same way. 

A general expression was sought that would represent empirically at 
least the length of treatment necessary to kill potatoes throughout the 
range of temperatures at which tests were made. After numerous trials 
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of different curves, it was found that a curve represented by an equation 
of the form 

{y — a) (x — c)® = h 

could be made to fit the points as plotted as closely as could be reasonably 
expected considering the obvious irregularities in the observations. In 
the above equation x is temperature in degrees Centigrade and y is time 
of treatment in minutes necessary to kill potatoes. In determining the 
values of the constants, c was approximated by substituting pairs of 
values of x and y found experimentally and eliminating a and h between 
three such equations and solving for c. This was done several times with 


log time 

U) 



Fio. 2. Graph showing time (expressed as log time in minutes) required to kill 
potatoes when treated at different temperatures in a well ventilated hot air oven. 

different series of pairs of values of x and y. The average value for c 
thus found was taken. Values were then found for a and h by the 
method of least squares. In this way the following values were found 
for the constants. 

a = 8.4256 
6 « 1067600 
c = 34.5 

The curve as drawn in figure 2 represents this equation. Since the 
eye can judge better as to whether a straight line fits a series of points 
the same restilts are plotted in figure 3 with log {y — 8.4255) as or- 
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dinates and log (x — 34 5) as abscissas This curve is plotted with a 
slope of minus three and the fit of the observation points to this curve 
serves to confirm the exponent three of the quantity (x — c) which 
was somewhat arbitrarily chosen The observation points seem to 
fit this cuive as well as might reasonably be expected except the pomt 
representmg an observation at 35° C The accuracy of this observation 
is mdeed open to question for various reasons 

Probably too much significance should not be attached to the constants 
of an equation thus empuically found particularly when they apply at 



Fig 3 To test further the fit of the equation 0—8 42oo)({c—34 5)* — 1057o00 
it was changed to the form log 0 — 8 4266) =» log 1067o00 — 3 log (t — 34 o) 

In this graph logs 0—8 426o) are plotted as or Imates and logs (x — 34 6) at> abscissas 
to show how closely a stra ght 1 ne is approMmated 

temperatures outside the range m which tests were made as in the case 
of a or at the extreme end of the range as m the case of 6 and c How 
ever this does not mvahdate the use of the equation with the values 
found for the constants substituted in it for the purpose of calculatmg 
approximately the time necessary to loll potatoes by such treatments 
at any temperature withm the range studied 
Furthermoie it is evident that there must be a limit m temperature 
m the neighborhood of 35° below which potatoes will sprout and above 
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which they will be injured. From the form of the equation it is clear 
that the curve approaches the line x — c asymtotically and thus c 
(found to equal 34.5) is an approximation of the limit of temperature 
in degrees Centigrade below which potatoes are not killed by such 
treatments. 

In this connection the behavior of potatoes treated at 35® C. is in¬ 
teresting. When the potatoes were placed in the chamber at this 
temperature, they already had short sprouts about one half centimeter 
long. As long as they remained at this temperature no perceptible 
growth of sprouts occurred but as they were removed from time to time 
sprout growth was resumed. However, as the potatoes remained longer 
up to several months the old sprouts took on a yellowish color and re¬ 
sumption of sprouting when the potatoes were removed was slower and 
more feeble. When the last potato was removed after 130 days only 
two fine spindling sprouts (about .8 mm. in diameter and 1.5 cm. long) 
developed in the course of a month. 

As to the other constants it is evident that 6 should be the time in 
minutes necessary to kill potatoes at (1 + c) degrees Centigrade, i. e., 
at 35.5®. The value of 6 as found (1057500) does not agree with the one 
observation made at 36®. 

The constant a (equals 8.4255) is time in minutes. The form of the 
equation would indicate that one could not expect to kill potatoes in 
shorter periods than this even by raising the temperature of the oven. 
This could hardly be accepted -without further experiments. 

It is believed, however, that this equation maybe taken as representing 
approximately the relation between time and temperature necessary 
to kill potatoes in a hot air oven within the range of temperatures at which 
tests were made (36® to 120® C.). It is hoped that as in the case of the 
treatment of potatoes in hot water it will indicate the limit beyond which 
it is unsafe to go in treating potatoes for any parasitic disease by this 
method. In fact, it can not be approached very closely without serious 
injury to the potatoes. 

This curve may also be taken as an indication of conditions under 
which injury may be expected to potatoes in storage or transit. How- 
ver, it is probable that the times represented on this curve apply only 
to well ventilated potatoes as the ventilators were kept open on the oven 
used. It has been shown by Stewart and Mix (9) that lack of air brings 
about a similar injury at low temperatures. Such heat injury to po¬ 
tatoes is apparently not uncommon in certain places. In a report by 
Mann and Nagpurkar (6), they state that when potatoes were stored 
in a well aerated room, in a place where the shade temperature went up 
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to cover 100° F. in a few days, a large part of the stock became rotten 
and useless. They also state that there is no danger in storing potatoes 
below 86° and little danger below 90° F. General rotting has also been 
reported at times in potatoes transported in the holds of ships, which 
seems to merit investigations along these lines. 

LITERATURE CITED 

(1) Bartholomew, E. T. A pathological and physiological study of the black heart 

of potato tubers. Centralbl. Bakt. Parasitenk. u. Infektionskrankh., Abt. 2, 
43:609-640. S pL 1915. 

(2) Bigelow, W. D. The logarithmic nature of thermal death time curves. Jour. 

Infect. Diseases 29: 528-536. 6 charts. 1921. 

(3) Chick, Harbiette. The factors conditioning the velocity of disinfection. Eighth 

Intemation. Cong. Appl. Chem. 26: 167-197. 8 fig. Bibliography, p. 195- 
197. 

(4) Folsom, Dohald. Potato mosaic. Maine Agric. Exp. Sta. Bull. 292: 157-184. 

8 pi. 1920. Bibliographical footnotes. 

(5) McChbby, J. B. Report of the Dominion field laboratory, Charlottetown, P. E. I. 

Canada Dept. Agric., Div. Bot., Interim Rept. 1921: 22-56. 

(6) Mann, H. H., and S. D. Nagptjbkab. Black heart or heat rot of potatoes in Btoi> 

age. Dept. Agric. Bombay Bull. 102: 84-68. pi. 8. 1921. 

(7) Pethybbidgb, G. H. Investigations on potato diseases. (Eighth report.) Dept. 

Agric. and Tech. Instruct. Ireland Jour. 17:695-605. 8 pi. 1917. 

(8) Stewart, F. C. Observations on some degenerate strains of potatoes. New 

York State Agric. Exp. Sta. Bull. 422: 319-367 .18 pi. 1916. 

(9) ———, and A. J. Mrx. Black heart and the aeration of potatoes in storage. 

New York State Agric. Exp. Sta. Bull. 486 : 321-362. 10 pi. 1917 



EARLY STAGES OF CROWN GALL 

Melville T. Cook 
With Fotjeteen Fighhes in the Text 

The study of plant galls due to various causes has resulted in the 
accumulation of much interesting data but very naturally many points 
have been overlooked. In general it may be said that plant gaUs follow 
the same general lines of development regardless of cause of formation. 
This very general statement may be analysed as follows:—(1) The ex¬ 
citation or stimulant must be applied to the meristematic tissue. In 
the case of some galls caused by insects, the experimental work indicates 
that the stimulant must be applied to the primary meristem or cambium. 
In the case of crown gaU it has been claimed that the tissues other than 
the cambium were susceptible to stimulation but these statements are 
far from being definite. (2) The first result of this stimulation is the 
formation of a homogeneous parenchyma tissue instead of the normal 
differentiation of tissues which is characteristic of the normal organ. 
In some cases this homogeneous tissue is characteristic of the various 
species of galls. (3) It is doubtful if any tissue, having become fixed, 
can be stimulated into activity; but it is evident that some tissues, which 
under normal conditions are fixed, may be stimulated into activity. 
(4) It has been demonstrated in a large number of cases that the cell 
activity may be in cells which are very remote from the organism and 
is due to some secretion which passes from cell to cell or to mechanical 
pressure resulting from the growth of neighboring cells. 

This study of the crown gall was undertaken to determine the incipient 
stages of formation. However, some other data wore incidentally ac¬ 
quired. The material used was castor oil bean seedlings about four 
inches in height and young plants of Bryophyllum, although most of 
the studies were made on the former. The inoculations were made into 
slits just below the cotyledons. Longitudinal slits were used instead of 
needle punctures in order to make sure that the organisms came in 
contact with all tissues from epidermis to central parenchyma pith. 
These slits were filled with the organism from cultures.^ In making 
inoculations with a needle it is very evident that some of the organism 
may not penetrate to the depth of the needle point. However, a slit 
is a much more severe wound and probably causes a much greater shock 

* The original culture was funushed me by Dr. Erwin F. Smith of the D. S. Bureau 
of Plant Induetry. 



1923] 


Cook: Early Stages of Crown Gall 


477 


to the growing plant tissues than a needle prick. In order to determine 
just how much of the reaction was due to the organism and how much 
was due to the wound, plants of approximately the same age were cut 
in the same manner with a clean, sterilized scalpel and held as checks. 
Of course it was impossible to make the slits exactly the same; some of 
the slits would pass through the fibro-vascular bundles while others 
would follow the medullary rays. At intervals of two days the slit 
regions of both the inoculated and check seedlings were cut into small 
pieces, fixed in weak Flemming fluid, embedded, cut and stained with 
haematoxylon-iron alum and safranin-gentian violet. Both the inocu¬ 
lated and check material were studied in comparison with tissues from 
an uninjured plant. 

There is nothing unusual in the structure of the normal seedling 
castor bean. It is that of the ordinary herbaceous, dicotyledonous plant. 
It may be briefly described as follows:—epidermis with thin cuticle, a 
cortex consisting of about 12 or 15 layers of parenchyma cells which 
become larger in passing inward but which show little or no signs of 
coUenchyma formation; distinct phloem, cambium, xylem, and pith; 
each consisting of the characteristic cell structures (figures 2 and 4). 

The reaction to the wound may be described as follows:—^an increase 
in the number of layers of cortex cells in the vicinity of the wound, thus 
forming the callus (Fig. 1, ca); sometimes a slight stimulation of the 
phloem dependent on the location of the injury; sometimes an increase 
in thickness of the cambium; a distortion of the xylem due to the growth 
of other tissues when the knife passes through a young fibro-vascular 
bundle (Fig. 6); a growth of medullary ray and pith parenchyma to 
form rows of cells (Pig. 3). Of course since reactions of this kind 
occur in uninoculated plants they cannot be attributed to the organism 
in the case of those plants which were inoculated. 

In the case of the inoculated plants we find exactly the same reactions 
as in wounded plants, before we find any reaction which the writer was 
satisfied in attributing to the organism. Eeasoning from our knowledge 
of other plant galls it was natural to expect the most pronounced re¬ 
actions would be in the cambium, but such was not the case. The first 
reaction observed which the writer felt justified in attributing to the 
organism was in the cortex, or outer part of the medullary ray, i.e., 
between the phloems of two adjacent bundles. It was in close contact 
with the cambium (Fig. 6), and slightly removed from the point of 
inoculation. This was a mass of cells wMch the author will designate 
as a “whorl.” It has been previously designated as a “whorl” and as 
a “nest” by Dr. Erwin F. Smith. It consists of cells which were richer 
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in protoplasm than the surrounding cells and more of them showed 
nuclei although none were multi-nucleate. They showed indications of 
growth in that some of them were larger and some smaller than the 
surrounding normal cells, the larger ones apparently having been 
stimulated into excessive growth and the smaller ones into excessive 
cell division. Although the whorl was clearly evident, the cells graded 
into the surrounding cells, so that it was diflB.cult to determine an exact 
outline. Most of the cells, and sometimes all that are visible in a section, 
undergo repeated divisions, so that in many sections aU the cells of a 
‘'whorl” are small, rich in protoplasm and each provided with a single 
nucleus (Fig. 7). In longitudinal section, these “whorls” have the same 
appearance, so that in reality they are very nearly spherical masses. 
The crown gall appears to be made up of one or more of these “whorls” 
or masses. It was at first supposed that these masses were restricted 
to the cortex but they were later foxmd in considerable abundance in 
the pith. However, it appears from these studies that the cortex, 
which is in close contact with the cambium, is most favorable for the 
development of these “whorls.” 

The tracheary tubes of the fibro-vascular bundles were frequently 
pushed out of place by the mechanical pressure exerted by the “whorls,” 
but there was no evidence to indicate that they were ever directly in¬ 
fluenced or modified by the organism (Fig. 5). However, tracheids 
were very generally formed in the whorls and apparently directly from 
the parenchyma cells (Fig. 8). In some cases the nucleus and some 
protoplasm were still visible in these tracheid cells (Fig. 9). Instead 
of being arranged in more or less straight, perpendicular lines as in 
normal stems, they were placed in a very irregular manner. Later in 
the development of these “whorls,” spiral tracheary tubes were formed. 
They also were apparently formed de novo from the homogeneous paren¬ 
chyma of the “whorls” and not from the fibro-vascular bundles. 

The strands of cancer tissue which have been described by Smith 
were very easily observed in both pith and cortex. Those in the pith 
were of greater diameter than those in the cortex; the distal end was 
blunt and resembled the whorl structure previously referred to (Fig. 
10). The result of pressure on the surrounding cells was very evident, 
especially on those cells lying between the strands and the fibro-vascular 
bundles as shown by the formation of tracheids (Fig. 10). The 
strands in the cortex appeared to be formed from both cortical and cam¬ 
bium cells, and in every case observed, were between the phloem of two 
adjacent bundles (Fig, 11). The direction of growth was both up 
and down the stem. From time to time these strands push outward, 
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forming cone shaped masses of cells which finally break through the 
cortex and epidermis (Figs. 12-14). There is none of the “ whorl 
like structure previously referred to but the cells are small. At first, 
this cone shaped body appears to be composed entirely of cells formed 
from the cortex and cambium but a little later, the pith (or probably 
more properly the medullary ray tissue) pushes or grows up from 
below and forms the center of the new or secondary gall (Figs. 13 
and 14). Before the tip of the new gall has broken through the epi¬ 
dermis, tracheids are being formed in the base of the gall, apparently 
from the pith parenchyma cells (Fig. 14). 

The galls very soon reach a degree of complexity in which the dis¬ 
tortions are so great that it is sometimes impossible to tell just which 
tissues are of abnormal development and just which ones have been 
pushed out of place by the growth of others. 

The sections showed the organism in abundance in the original slits 
and sometimes in small pockets connected with the slits but the writer 
was unable to trace the organism to the “whorl” or strands. 

The studies show that the primary meristem or cambium does not 
respond to stimulation from the organism so quickly as in the case of 
many other galls. It is furthermore apparent that all mexistematio 
cells may respond to stimulation from the organism. The question 
naturally arises as to when the cells cease to be meristematic. We will 
not attempt to answer this question, other than to say that the tracheary 
tissues have apparently ceased to be meristematic and that they are 
influenced only in so far as they may be pushed out of their normal 
position by the pressure exerted by the growth of neighboring tissues. 

The cells of the incipient gaU are parenchyma, are rich in protoplasm 
and are uni-nucleate. The only noticeable variation was in size of the 
individual cells. The tracheary tissues arise from these parenchyma cells. 

The young shoots of Bryophyllum have a much weaker fibro-vascular 
bundle than the seedling plants of castor oil bean, the cortex is somewhat 
thicker and the pith more prominent. The response to a slit wound is 
very similar; the cells of the cortex and pith tend to arrange themselves 
in rows but the distortion of the fibro-vascular bundle is much more 
prominent. In the case of those plants which were inoculated the 
whorls were formed in practically the same manner as in the castor 
bean but in some cases the connection with the cambium was much more 
pronounced. 

In order to determine the question of response of tissue to the organ¬ 
ism, fourteen nodes of a growing shoot were inoculated beginning with 
the outermost. Well defined galls developed at the six outermost 
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nodes. Sections through the other nodes showed evidence of cellular 
disturbances which would probably have developed into galls at a later 
date. 


STJMMABT 

The stimulation is not restricted to the cambium. 

Parenchyma tissue is especially susceptible to stimulation. 

The galls start as more or less spherical masses in the parenchyma 
cells which are stimulated into activity. The growth is different from 
the callus growth following wounds. 

The organism evidently exerts considerable influence in cells with 
which it is not in contact. 

The xylem of the fibro-vascular bundle may be distorted as a result 
of a wound or as a result of pressure exerted by growing gall tissues but 
it is doubtful if it is otherwise modified. 

Tracheids and spiral tubes appear in the gaUs but are evidently de¬ 
veloped de novo from homogeneous parenchyma mass of the incipient 
gall. 

Tumor strands may develop in the pith or in the cortex in close 
contact with (or possibly involving) the cambium. These latter strands 
lie between the phloem of the two adjacent fibro-vascular bundles. 

The author wishes to express his thanks to the New York Botanical 
Garden for facilities and use of the library in conducting these studies 
and to members of the staff for assistance in many ways. 

^ Insitlab Experiment Station, 

Rio Pibdras, Porto Rico. 

Explanation op Fioxuubs 

All drawings were made from sections of castor bean seedlings. 

Fiq. I. Diagrammatical drawing of part of cross section. o.s.—out snrfaco; 
pa—parenchyma of pith; c—cambium; x—xylerm ct—cortex; ca—oallua. I’la. 2. 
Normal parenchyma cells from pith. Fia. 3. Cross section of pith parenchyma 
showing tendency for arrangement of cells in rows following a wound, s—cut surface. 
Fig. 4. Cross section of normal fibro-vascular bundle, c—cortex side; p—^pith side. 
Fig. 5 . Cross section of fibro-vascular bundle showing distortion, s—cut surface 
through medullary ray; c—cortex side; p—pith side. Fig. 6. Young “whorl” in 
cortex, in close contact with cambium, and between the phloem of two adjacent bundles. 
Fig. 7 . Older “whorl” in cortex, in close contact with cambium. Fio. 8. “Whorl” 
showing the formation of tracheary tissue. Fig. 9. Tracheid cell in which the nucleus 
* is still visible. Fig. 10. The tumor strand in the pith, showing the advancing tip. 
AlsoshowL^ the formation of tracheary cells apparently as a result of mechanical 
pressure. Fig. 11. Di^ramm atioal cross section drawing lowing position of second¬ 
ary tumor arising from cortex intermediary between two fibro-vasoular bundles. s.t- 
—secondary tumor; e—epidermis; f—^fibro-vasoular bundle; t—early formation of 
tracheary cells. Fig. 12. Drawing of part of section of secondary tumor apparently 
arising from the cambium; ca—cambium; c—cort^c; e—epidermis. Fig. 18. Diagram, 
matiool longitudinal drai^g of secondary tumor. s.t.—secondary tumor; o—cortex; 
e-;;-epidennis; ca—cambium. Fig. 14. Diagrammatical longitudinal drawing of 
slightly older secondary. tumor. s.t.—secondary tumor; c—cortex; e—opidermis; 
t—^region of early formation of tracheary tissue. 









IIICLMINTHOSPOIIIUM HEVEAE IN SUMATEA 

Carl D. La Kxjjb 

Helminthonponum Heveae, Fetch, a parasite of the Para rubber tree, 
Hevea brairiliensis, has been known in Ceylon, whore it was described by 
Fetch, for about fifteen years. As late as 1911 Bancroft’ stated that 
there was as yet no record of the occurrence of this disease in the Federated 
Malay States. The writer has not seen any note of its occurrence in 
the Federated Malay States since that time, but according to Butler® 
the disease occurs in Malaya, as well as in Ceylon, South India, 
and Java. There is no record of this disease in Sumatra although it 
has doubtless existed there for some time. The observations of the 
writer are confined to the years 1917-1920, but the fact that the dis¬ 
ease was already widely spread in 1917 indicated that it had been 
present for at least a few years previous to that time. 

Both Fetch® and Butler state that the disease is confined to young 
trees, that it does not cause defoliation, and that the damage is not 
severe. 

Observations in Sumatra made in 1917 and 1918 by the author are 
quite in agreement with those of Fetch and Butler. Spotting of leaves 
from the disease was seen to be very common in nurseries and in estates 
just planted. In some cases the spotting and malformation of the 
loaves have been the cause of considerable loss of vigor in the seedlings. 
After the first wintering, however, usually no traces of the disease 
could be found. 

In 3919, on the contrary, the disease was found on old trees on several 
different estates; on one area several hundred trees were affected. The 
severity of the disease varied greatly on different areas and with different 
individual trees; on some it was confined to a few spots on some of the 
leaves, while in the worst coses almost every leaf was riddled with spots. 
Malformation of the leaves was commonly seen but was not pronounced 
in extent. The attack was especially noticeable just as the young leaves 
were coming out. Some of the affected trees were partly defoliated, 

1 fianeroft, Keith. Tho Dioback Disease of Para Eubber and a note on the Loaf 
Disease of Para Eubbor. Pod. Malay States Department of Agriculture. Bull. 14. 

* Butler, W. J. Fungi and Disease in Plants. Thacker, Spink & Co. Calcutta & 
Simla. 1918. 

*Pctch, T. Tho physiology and Diseases of llevca Brasiliemds. Dulau & Co., 
Lfii., Jjondon, 1011. 
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but a careful examination indicated that the defoliation was due to 
the attack of mites rather than to the activity of the fungus. 

nSTFBCTION 

Infection appears to take place in most cases while the leaves are 
still very sma ll and not yet unfolded. With the growth of the leaves 
to a larger size stiU more spots are formed, but apparently almost no 
infection occurs after the leaves have reached full size and have become 
cutinized on the surface. Spotting occurs on the petioles and the mid¬ 
ribs as well as on the laminas of the leaves. Spots on the bark of the 
twig are comparatively rare. The number of spots on a leaf varies 
from one or two to some dozens; in the worst cases one half or more of 
the assimilating area of the leaf is invaded by the fungus and killed or 
rendered useless. Where aU or most of the leaves of a tree are so at¬ 
tacked the disease may be considered serious because of the interference 
with the food supply of the tree. 

Evidence is lacking that the disease affects parts of the tree other 
than the leaf-blades and petioles, and occasionally the bark of the young 
twigs. Cultures of the tips of twigs, which bore infected leaves but 
which were not themselves spotted, did not show Hehninthosporium, so 
it appears that the fungus does not enter the twigs from the leaves. 
Likewise it appears that the leaves are not infected by growth of the 
fungus from the twigs but by wind-borne spores. 

The source of spores in this case was probably the leaves of the pre¬ 
vious season which were seen to be more or less spotted. Given proper 
conditions for mfection these old leaves could easily infect the new ones. 
It is not known whether the fallen leaves disseminate spores or not but 
the difference in time of wintering would allow a few diseased trees 
which winter late to infect a large number of trees just as the leaves 
unfolded. 

It is probable that nurseries and estates are sometimes infected from 
crops planted by natives in their villages. The question of the suscepti¬ 
bility of the various common crops to Helminthosporium attack has 
not been investigated, but the writer has very often seen what appear 
to be Helminthosporium spots on Manihot and papaya. It is probable 
that the disease is harbored by several common plants, from which it 
can spread to rubber nurseries and plantations. 

GROWTH OF THE FUNGUS DST CULTUEB 

The organism has been grown in culture by the author and has been 
found very easy of cultivation. On agar made with a decoction of 
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Ilcvea loaves and twigs it grows very well. It also grows satisfactorily 
on bouillion agar. Fruiting does not take place on either of these media 
until the culture is quite old and the agar rather dry. No special 
attempts weio made to induce more rapid fruiting but it is likely that 
this could bo don(‘. 

The mycelium of the fungus is at first white but soon turns dark on 
the surfa(*e of the agar, and after a short time nearly all the mycelium 
is dark in color with a white fringe around the outer edge. 

The fungus when grown on raw potatoes failed to show active parasi¬ 
tism. A slight dry rot over a small area was the only development. 

SIZE AND OnARACTBB OF THE SPORES 

The spores of the fungus when first formed are hyaline, curved, and 
non-septate. Ijater they darken and become vacuolate with several large 
vacuoles. Finally they are quite dark with rather evenly spaced septa. 
Sometimes the vacuolate condition of the spore persists, but whether or 
not the spores which remain in the vacuolate condition are viable is 
unknown. The description of the spots and spores of Helminthosporium, 
as given by Fetch, fits the fungus in Sumatra very well except that the 
spores of the Sumatran form appear to be much smaller, especially when 
produced in culture. Fetch gives the spore length as 100 to 200 microns 
while from 100 measurements of spores from one culture the following 
distribution of lengths was secured by the writer; 


Spare lengths in mverons 

Number oj spores 

82.8 

4 

36.6 

1 

30 4 

7 

34.2 

8 

38 0 

7 

41 8 

16 

46.8 

14 

49.4 

6 

53 2 

8 

67.0 

6 

60.6 

6 

64.4 

4 

68.4 

2 

72 2 

3 

76.0 

3 

79.8 

2 

83.6 

1 

Range of spore length 

22.8-88 6naiorons 

Mode of di&iiibution curve 

41.8 microns 

Mean spore length 

47.44 microns 
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Thus the largest spore measured from this culture is smaller than the 
smallest length given by Fetch. 

Eighty measurements of spores taken from a leaf of Hevea gave the 
following frequency distribution. 


Spore lengths in microns 
38.0 

45.6 
53.2 
60 6 
68 4 
76.0 

83.6 
91 2 
98.8 

106.4 

114.0 


Number of spores 
1 

3 
2 
6 

4 
4 

14 

17 

12 

10 

7 


The spores grown on the host plants are much larger than those 
grown in the culture which was measured but whether the difference 
is due to cultural conditions or to difference in strains is not known. 
The former is possible as the culture was isolated more than a year 
before the spores from the Hevea leaf were measured. It is equally 
possible that the two sets of measurements represent distinct strains and 
that other strains may exist which are as large as those measured by Fetch. 

La Rue and Bartlett^ were able to distinguish a number of strains in 
Pestalozzia Guepini Desm. and the multi-lineate condition of such 
organisms as the wheat rusts is too well known to need mention. The 
same condition doubtless exists in many other species of fungi not yet 
critically studied and H. Eeveae may well be one of this number. 

It is possible also that changes in environmental conditions from one 
year to the next may cause changes in spore size. 

Fetch gives the width of the spore of the fungus as 16-18 microns. 
Measurements by the author of width of 25 spores from a leaf of Hevea 
gave; 


Widih in microns 
11.9 
13.6 
15.8 
17.0 


Number of spores 
3 
11 
9 
2 


Mean spore width 14.28 microns 

Range of width of spore 11.9—17.0 microns 


^La Rue, Carl D. and H. H. Bartlett. A demonstration of numerous distinct 
strains within the nominal species Pestalozzia Guepini Desm. Amer. Jour. Bot. 
9: 79-«2. 1922. 
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These measurements agree fairly well with those of Fetch although 
Fetch does not report any spores so narrow as some found hero. 

The spores from the Hevea leaf which were measured for length were 
also examined for number of septa. The distribution is as follows: 


N umber of (,epta 
1 
2 

3 

4 
6 
6 

7 

8 
9 

10 

Moan number of aopta 


Number of spanea 
1 
0 

3 

4 
3 
9 

24 

19 

14 

3 

7.12 


These figmes are also close to those given by Fetch, which are 8-11 
septa. The range here, 1-10 septa, is much greater than that given by 
Fetch but it is possible that he examined only the larger spores without 
taking a random sample. This may possibly have been the case with 
all his measurements while those of the writer were all made on spores 
taken at random. 


summaht 

Helminthosporium Heveae Fetch is more or less widespread in the 
whole of the eastern rubber plantation area. It has been known in 
Ceylon and the Malay Peninsula, and its range is now shown to include 
Sumatra where it occurs on the East Coast. It usually infests nurseries 
where Hevea trees are planted but in 1919 it attacked mature trees also. 
The spores of the fungus in Sumatra appear to be smaller than those 
measured by Fetch in Ceylon. 



ANOTHER ECONOMIC HOST OF BACTERIUM 

SOLANACEARUM 

Colin G. Welles and Bmiltano F. Roldan 
With Two Fiqukbs in tub Text 

During the month of February, 1921, a serious wilting of mature tafigo 
plants {Chi’ysanthemum, coronarium Linn.)' occurred in the gardens of 
the College of Agriculture, Los Bafios, Philippine Islands. The disease 
persisted until hlay 1, when all of the plants were killed or so seriously 
affected that death was imminent. 

The senior writer, while in China, learned that (7. coronarium is used 
dail^! by most Chinese families from Canton as far north as Shanghai. 
The Cantonese name given to the plant is tung-hao. From the Chinese 
name the Tagalogs have derived the local name tango. 

The college gardens have been Icnown to be infested with Bact. solanor- 
cearum E. F. S. for several years, and because of this fact the wilt of 
tango was believed to be caused by the above named organism. On 
this hypothesis the following work was undertaken. 

In a brief note the writers (1) have given, previously, a description of 
the disease and have stated that it was believed that Bact. solanacearum 
was the cause. 

SYMPTOMS 

The wilt of tafigo appears very similar to wilt of solanaceous plants 
caused by Bact. solanacearum. The seedlings are highly susceptible 
and are entirely destroyed within three da 3 rs after the first appearance 
of the wdlt, particularly in the dry season. The older leaves are diseased 
first and shortly thereafter the younger leaves become prostrate. 

* 

^ Chrysanthemum coronariim Linn, is a plant of Mediterranean origin. Dean Charles 
Fuller Baker of the College of Agriculture, Los Bafios, has very kindly offered the 
following information concerning the oultivalaon of this plant. To his knowledge it is 
cultivated in Cuba, and other islands of the West Indies, Philippine Islands, Straits 
Settlements, Borneo, and all other South Sea Ii^nds which he has visited. 

The following is taken from The Commercml Products of India by Sir George Watt: 
'*This cultivated little herb is of interest mainly because of the fact that from Dinajpur 
and Hangpur in Bengal, north-east to Assam, it is extensivdy eaten, and is number 15 
in Buchanan-Hamilton’s list of saga or pot-herbs .... Plants of the pea family 
become scarce but... a peculiar series of pot-herbs take their places. Amnng these 
C. coronarium was found to hold a foremost position, being known as hdbir in North 
B^gal^ habxd in Assam, sa^jalyniar in the Ehasia bills. Speaking of Formosa, Walters 
calls it tanroMsai and adds lhat it is a ‘herb mudh used by the Chinese as an article of 
food.' Bretsohneider makes mention of two species of Chrysanthemum as known to 
the Chinese classics, the leaves of one of which are boiled into soup." 
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ilio oldci plaids while voiy susceptible to wilt le&ist foi several days 
bcfoic the l(a.\cs wilt iiid dit llicse older plants have thick woody 
slenib whu h suppoit the wilted diy leaves until intentionally dcstioycd 

l^^OIAriCN 01 IHL ORGANISM 

Iho vascular elements ind to some extent the paienchymatous tissue 
in scveic it tad s ippcii jiacked with motile bacteiia 



Fiq 1 XIoalthy and wilted tafitiO plants The plant to the left was inoculated 
through needle pricks m the stem about one weel previous to the taking of the photo 
graph Both plants were held m the damp chamber foi the enture period The plants 
are half grown 


Isolations were made fiom sections of diseased stems and petioles 
and a white organism was obtainod m nearly pure culture Transfers 
were made to nutrient and potato agar and from these, moculations were 
made into tahgo seedlings 


INOCULATIONS 

Seedlmgs of taflgo when inoculated with a young culture of the isolated 
organism by needle pricks m the stems wilted after varymg periods 
depending on the age of the plant and its treatment after moculation 
The time of meubation fell between ten and twenty days The periods 









490 


Phytopathology 


[VoL. 13 


were shorter when the plants were held in a moist chamber and longer 
when inoculated in the field. When older plants were inoculated, wilt 
never developed unless the plants were kept in a damp chamber. 

In each case where the plants were diseased the bundles of the stem 
were examined and were found always to be teeming with bacteria. 
In several cases re-isolations were made and the original type of organism 
was obtained. 

Authentic cultures of Bact. solanacearum taken from tomato, egg¬ 
plant and castor bean were available and tomato seedlings, not more 



Fia. 2. Wilted and healthy tafigo seedlings. The plant on the left was inoculated 
through needle pricks in the stem with the tafigo organism about one week previous 
to the taking of the photograph. The plants were kept out of doors for the entire period. 

than 10 centimeters in height, were inoculated with them as well as with 
a culture of the tafigo organism. In each instance the plants were 
inoculated through needle pricks and held in the damp chamber until 
the disease appeared. 

After four days three seedlings inoculated with each organism wilted, 
and after six days all inoculated plants succumbed with the exception 
of one which had been inoculated with the tomato and another which 
had been inoculated with the egg-plant strain. The relative patho¬ 
genicity of each organism appeared to be about the same on this host. 

Smith and other workers have frequently described the growth of 
adventitious roots near the point of inoculation, particularly on tomatoes 
and nasturtium. This phenomenon has never been observed locally 
but instead a more or less brownish lesion is formed at the point of 
inoculation which at first was believed to be caused by organisms other 
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than Bad. solanacearum. However, many inoculations have been made 
after washing the stem thoroughly with mercuric chloride and sterile 
distilled water and the lesion invariably appears. 

The vascular tissue in the young plants inoculated with the tango 
organism turns brown and is identical with the vascular reaction of the 
solanaceous hosts. 

CAUSAL ORGANISM 

The organism isolated from tafigo is fundamentally similar to the 
organism isolated from tobacco, tomato, egg-plant, and castor bean and 
to the organisms used by Erwin F. Smith (2, 3) in cultural studies. The 
one consistent variation is in that of pigment production. When isolated 
from tafigo the organism produces but a very slight brownish coloration 
and that pigment which is formed is confined wholly to the bacterial 
growth.^ 

After the organism is passed through tomatoes the pigment producing 
power is regained but the color from the organism taken from tango 
directly, whether originally isolated from tango or tomato, never forms 
the deeper brown pigment. 

The organism from tafigo has been grown in most of the differential 
media and complies with the published records of Smith (2, 3) giving 
the following cultural number, 2—.3333823. 

MORPHOLOGY OF THE ORGANISM 

The organism is very similar morphologically to the one described 
by Smith (2,3). The rods are short, with rounded ends, measuring from 
.66 to 1.77 microns in length by .22 to .55 microns in width, the average 
measuring 1.22 by .42 microns. The organism stains readily with the 
common aniline dyes such as carbol fuchsin and methylene blue and 
shows a slight concentration of the stain at the poles. 

College of Agriculture, 

Los BaiJos, P. I. 

literature CrTBD 

(1) Wbllss, Coun G., and Emiliano F. Roldan. Solanaceous wilt in the Philippine 

Islands. Philipp. Agric. 10:893-398. 1922. 

(2) Smith, Ebwin F. A bacterial disease of tomato, egg-plant, and Irish potato. 

U. S. Dept. Agric. Div. Veg. Phjrsiol. and Pathol. Bull. 12:1-26. 1896. 

(S) -. Bacteria in relation to plant disease S: 174-219. 1914. Carnegie 

Institution, Washington, D. C. 

iDuriug the second season of observation, the organism isolated from wilted C. 
coronarvum frequently, but not invariably, produced the typical dark brown pigment 
of the organisms isolated from the solanaceous hosts. 



A BRIEF HISTORY OF CITRUS SCAB IN JAPAN 
TT6zABTrR6 Tanaka 

Citrus scab is regarded by Japanese pathologists as a disease known 
in Japan from ancient times. Nishida/ referring to a letter of T. 
Tamura, states that the disease has been known on Kunembo (a man¬ 
darin closely allied to King orange), Satsuma and other kinds of oranges 
as a pathological ulcer-scab called Kahiandhe refers to local Japanese 
names Abata Mikan (small-pox orange), Kasakaki Mikan and £[asa 
Mikan (both meaning syphilis-scab orange).* Ideta® also mentions that 
the disease was known in Japan from a long time past by the names 
Abata Mikan and Kasakaki Mikan. According to Hori,^ the disease 
is the commonest of all citrus diseases in Japan and the growers of 
Kunembo and Tengu Mikan (a tangelo, probably a natural hybrid) 
have thought the scabbiness to be the characteristic of these oranges. 
Hori also states that the origin of the disease is unknown as we lack 
the record, but he suggests its probable origin from China with the 
introduction of nursery plants of citrus. Nishida first identifiled this 
Japanese disease as that called citrus scab in America and he gave the 
Japanese name ‘'S6kaby6,” written originally in Chinese characters 
meaning syphilis scab disease, which is now generally recognized as the 
standard Japanese term for the disease. As was pointed out by the 
writer,® this paper of Nishida badly mixes up citrus canker and citrus 

1 Nishida, Tdji. Kankitsu no Shippei (Diseases of citrus fruits) in Kankitsu (Oitrus 
fruits) 1 no. 3:3-4. M. 36, vi June, 1903. (Japanese). Also in Kankitsu Bydgalhen 
(A manual of citrus diseases) Shidzuoka, M. 40, v, May, 1907, p. 20-21. (Japanese). & 
Nishida’s Shinpen Kankitsu ByOgai to Yobdhd ^ew discourse on citrus diseases and 
their prevention) Tokyo, T. 3, zi, Nov., 1914, p. 40-41. (Japanese.) 

* There are no Chinese characters correspondiag to these words, and they are all 
(vritten in phonetic syllabaries of Kana. 

* Ideta, Arata. Z6tei Nippon Shokubutsu Bydrigaku (Handbook of plant diseases 
of Japan) 4 ed. Tdky6 Sh6kwabd, M. 44, 1911. p. 737-738. (Japanese) 

* Hori, Shdtard. Kankitsu S6kaby6shi (History of citrus scab) in Hori Shokubutsu 
Byogai K6wa (Lectures of plant diesases) T6ky6, Beibidd, T. 6, 1916, p. 280-289. 
(Japanese.) 

■Nishida, Tdji. Kankitsu no SOkabyd (Citrus scab) in Dainippon NOkwaihd 
(Joum. Agr. Soo., Japan) no. 268; 1-4. M. 36, ii, Feb. 1903. (Japanese.) 

* Tanaka, Tydzaburd, A brief history of the discovery of citrus canker in Japan 
and eaperiments in ite control (Quarterly Bull. State PI. Board of Florida) 3 vol. 1. 
1918, p. 3. 
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scab, but the former was later separated by the name “Marugata 
S6kaby6'’ (Round scab) or, more definitely by the name “Kankitsu 
Kwaiy6by6” (Canker of citrus). 

The earliest occurrence of the Japanese name of citrus scab in the 
literature is probably in the work mentioned by the writer,^ as Nankai 
H6fu (Oranges of South sea district) written by Yoshiyuki Murase in 
1818.® There are two scabby oranges mentioned in this work, one 
under the Chinese name “Shitdkan” (Lion-head orange) and the other 
“Reishikitsu” (Lychee orange), of which the second one bears the 
Japanese name “Kasa Mikan” in Kana. Very fortunately, the text of 
the description of Shit6kan was published by Ohara (see note 8), and 
it is the only description selected from the original manuscript work and 
printed. The comparison of this text and a figure attached to it, with 
those of the revised manuscript copy, shows that they are not exactly 
the same, and certain characteristics of the orange mentioned in the 
former are omitted in the latter. The page of text printed by Ohara, 
treating the Shitdkan or Lion-head orange, says “the size of fruit is 
large, about one foot in girth, two-tenth of a foot high,® with “Hirui’^ 

11. c. p. 1. 

* There is a bibliographic error in my citation of this work (7), wh eh gives the name 
of the author as Yamanaka Shinko and the date of preface as 1866. The manuscript 
copy the writer has, gives S. Yamanaka as the author but this is an error. He merely 
made additions to the original text. The other copy in the Library of the Department 
of Agriculture (93 N 152; originally gave Yamanaka as compiler, but this was afterwards 
changed to read that he enlarged and corrected the work and Tddd Ohara, is added 
erroneously as the original author. According to a published work of Tddd Ohara, 
entitled *‘T6d6 Ihitsu” (Remaining works of T.d.) Vol. 2 pt. 2 (Book 6) foL 16 (pub¬ 
lished in Kaei 3,1849), the Nankai Hofu was written by Yoshiyuki Murase, in the 11th 
month (lunar calendar) of Bunsei 1, or 1818. His material was based upon collections 
made by Ohara's disciples from various places in the province of Eii, now called Waka- 
yama^ken. The work has never been published, but was revised and enlarged by 
Shinko Yamanaka, having a preface dated 1866. lUustrafions (colored paintings) 
originally made by Kunihiko Hetsuii in 1818, were added to this revised manuscript, 
and the atlas has an independent title ‘*HanMt«-u Dzue” (Illustrations of citrus fruits) 
and bears the preface and postface dated 1864 and 1867 respectively. This revised 
work entitled *‘Z6tei Nankai H6fu," with Uetsuji’s atlas, is the only one known at 
present and exists only in manuscript copies. Fortunately the original preface of Y. 
Murabe (left out entirely in the revised copy), the table of contents and a page of text 
of the original work with a figure painted by Uetsuji, were published in Ohara’s work. 
This shows that Murase's original description of citrus varieties is in Chinese, while 
the revised copy of Yamanaka is all translated into Japanese except the quotations 
from Chinese books. 

* The measurement of height is omitted in the revised copy of Yamanaka. 
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(Fei lo in Chinese which means scrofula-nlcer)^ on the rind looking very- 
rough like a lion-head.® Even in mid-winter the peel remains green 
while the inside is quite red-ripe. It has a flavor similar to Kunembo, 
or better still, and the rind is as edible as in the latter variety . . . ” 

It is also stated that this orange is locally called “T6-kunembo” in 
the place where it is grown, but this name is often used, according to 
the author, to designate some other forms. So far as the illustrations 
of Uetsuji and the text of Murase go, this seems to be not a distinct 
variety of orange but merely a scabby Kunembo, such as are very com¬ 
monly met with in the same locality at the present time. 

Under the heading “Reishikitsu” (Lychee orange), the text of the 
revised manuscript Nankai H6fu reads, “it resembles the Satsuma, but 
the peel is warty and has pimples {Kotsutd in Japanese, ko ta in Chinese)' 
on it, looking like the skin of the lychee fruit. It tastes good . . ” 

The Japanese name given in the text is “Kasa K6ji” (Scabby K6ji 
orange), but the appearance of the fruit shown in the figure is quite 
far from typical thin-skinned yellow Koji orange of very small size, 
illustrated elsewhere in the same work. The oraiige is very likely a 
scabby Satsuma. There is nothing else to which it can be referred. 

These two kinds of scabby oranges were again treated in the well 
known work of Tsunemase Iwasaki, entitled “Honz6 Dzufu.“ The 
work was completed in 1828 but it remained unpublished except for 
a few early volumes. The present facsimile edition^ presents good 
proof that the scabby oranges are really diseased fruits. Under “Reishi- 
kitsu,” it states that the orange is in size that of K6ji and is round, 
haifing thick, stiff skin with yellowish white pimples on the surface, 
giving the appearance of the lychee skin. The appearance of fruits 
and leaves illustrated is entirely different from that of Nankai H6fu, 
and gives an impression of figuring some round-fruited mandarin in¬ 
fected by Citrus scab. Under “Shitdkan," two fruits with very pro¬ 
nounced lesions of citrus scab ore illustrated; the text says that the 
orange is commonly planted in Suruga province; the fruit resembles 
Yuzu somewhat flattened with a reddish-yellow skin covered with green 
pimples lookuig like the back of a toad; the pulp is sweet. A leaf 

^8ce Giles Chinese-Englisli dictionary, 2d ed., nos. 3468 and 7287. 

® The lion-head, oonunonly impressed from the image carved in atone and placed 
in front of shrines, is very warty in appearance, as the name is represented by repeated 
tuberose protruaiotus covering the whole surface. 

® see Giles Chinese-English dictionary, 2d ed., no. 6050. 

* Iwasaki, Tsunemasa. Honz6 Dzufu (Illustrated herbal), now ed. supervised by 
M. Shirai & K. Onuma. published by Honzd Dzufu Kwank6kwai, T6ky6. see Book 
62 fol. 7 & 11, issued T. 8, iv, Apr. 1019. 
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illustrated bears a broad petiole wing, but the text denies the presence 
of it, so that it is difiScult to determine whether this is a Satsuma or a 
Kunembo. 

There seems to be no scientific account in Japanese literature of the 
fungus causing the citrus scab before Nishida,^ who gives Cladosporium 
citri Mass, as the causal organism. Shirai,® on the other hand, con¬ 
siders Cl. elegans Penz. to be the fungus causing “Mikan no Kasa” 
(Syphilis-scab of oranges). Yoshino® apparently collected the speci¬ 
mens of both citrus scab and citrus canker. He gave CL citri Mass.? as 
the cause of scab, and CL elegans Penz.? as the cause of canker. Shirai 
and Miyake,^ however, mention both species as causing citrus scab, 
though many Japanese writers maintain that the real organism causing 
citrus scab is uncertain. 

Citrus scab is distributed all over Japan, but the severity of infection 
is not equal in all places. According to the writer’s field observations, 
the citrus groves in Ehime prefecture show almost no severe infections 
of citrus scab, while the orchards of Oita prefecture in Kyfishfi, notwith¬ 
standing they are located only 30 miles away across the channel, are 
very severely infected. 

The disease is also widely distributed in Formosa, as evidenced by 
the report of Formosan Agricultural Experiment Station,® stating that 
Kankitsu S6kaby6 {Cladosporium citri Mass.?) affects leaves and young 
stems of citrus, collected from 20 different places in the island. Hori® 
also mentions that the disease is common in Bonin and Formosa. 

1 Nishida, T. see work mentioned in note (S), p. 3. 

* Shirai, Mitsutard. Nippon Kmmi Mokuroku. A list of Japanese fungi hitherto 
known. T6ky6, M. 38, xi, Nov., 1905. p. 21. 

«Yoshino, Kiiehi. Higo Kokusan Kinnu (Fungi collected in Higo province) in 
Shokubutsugaku Zasshi, Bot. Mag. (T6kyd) 19 no. 224: 219. M. 38, ix, Sept., 1906. 
(Japanese.) 

* Shirai, M. & Miyake, I. Nippon ICinrui Mokuroku. A list of Japanese fungi 
hitherto known. 2 ed. T6ky6, T. 6, xi, Nov., 1917. p. 135-130. 

® Taiwan SOtokufu N6ji ShikenjO (Govemm. Gen. Form., Agr. Exp. Sta.) Taiwan 
NO&akumotsu ByOgai Mokuroku. List of fungi on cultivated plants o Formosa, Pari 
1. (Division of plant pathology Bull. no. 1.) Taihoku, M. 41, ix. Sept., 1908. p. 39-40. 

® Hori, S. sie work mentioned in note (4), p. 281. 



TAXONOMY OF THE SCLEROTINIA ON 
HELIANTHUS ANNUUS L. 

Edith Setmotjb Jonhs 

With Ond Fighkd in the Text 

OBSERVATION AND DESCRIPTION OP THE DISEASE 

A wilting of sunflower plants was recorded from Wisconsin for the 
first time in July, 1918, when it was foxmd at Madison. In 1919 and 
1920 several groups of wilted plants were found at Ashland in fields 
where sunflowers were grown for silage.^ An examination of the plants 
during the early stages of attack showed that the first evidence of the 
disease was a scalded area at the base of the stem which in moist weather 
was covered by a white mycelial mat. In dry weather, a wilting and 
burning of the leaves developed, followed a few days later by a rapid 
extension upward of the diseased area for a distance of about one foot. 
When the infected plant had completely wilted, sclerotia began to form 
on the outer surface of the stalk. The mycelium was found to have 
penetrated through the epidermis into the parench 3 rma surrounding the 
bundles and into the central pith where, as also among the roots, sclerotia 
had developed abundantly. In the diseased region the fungus had 
reduced the stem to a mere mass of vascular bundles surrounded by some 
disintegrated parenchyma. The disease was more prevalent where 
there was a thick stand o£ plants and where sunflowers had been grown 
successively for a number of years. The progress of the disease was 
favored by moist, cool weather. The soil in the Madison garden where 
the disease occurred was a clayey loam, quite moist, and very heavily 
fertilized. 

OBSBRVATIOSrS OP A SCLBBOTIAL DISEASE ON SUNFLOWER IN AMERICA 

American literature shows that a sclerotial disease of sunflowers has 
gained importance with increased sunflower culture in the northwestern 
states. As early as 1890 it was observed by Pammel (16) in Iowa. 
The plant disease surveys of the United States (8) and Canada (16) 
in 1921 both reported the common occurrence of the same disease, re¬ 
cording it in Oregon, Washington, Minnesote, and Ontario. The 
plant disease survey for Canada (10), published in 1922 contains a note 
by Cunningham who found ScleroHnia hhertiana Fckl. on sunflowers 

^ These observations were made by Dr. J. G. Didksoiu 
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and also records a root rot on sunflower seemingly distinct from the 
disease caused by Sclerotinia. Lawrence (13) in Washington, Morris 
and Swingle (14) in Montana, and Bisby (3,4) in Manitoba have studied 
the disease. The description which they have recorded agrees with 
that of the disease observed by Dr. Dickson. 

In regard to the taxonomy of the causal fungus, Pammel suggests 
that the selerotia resemble those of ScleroHnia sclerotiorum (a synonym 
for Sclerotinia lihertiana Fckl.). Morris and Swingle and Bisby agree that 
the causal organism resembles ScleroUnia lih&rtiana Fckl. Bisby and 
BuUer (5), in their list of Manitoba fungi, record what is considered to 
be Sclerotinia lihertiana on Helianthvs annuus (cult.). Lawrence, on 
the other hand, without referring to any previous observations of 
Sclerotinia on sunflower, describes the fungus as a new species under 
the name, Sclerotinia perplexa. His description differs from that of 
S. lihertiana as given by Fuckel only in the addition of a conidial stage 
which he found upon the host plant and from which he grew selerotia in 
culture. Since, except for Lawrence, the Americans have not clearly 
stated the taxonomy of the fungus causing the disease, it seemed worth 
while to study the fungus with a view to determining its taxonomic 
position. 

ESrOCULATION EXPERIMENTS AND DBVBIiOPMBNT OP THE PBBPBOT 

w STAGE 

The fungus isolated from the diseased sunflower stalks was Inoculated 
into young sunflower and lettuce plants. In the sunflower the disease 
which was observed in the field was readily reproduced (Fig. 1). The 
lettuce wilted rapidly, showing the typical symptoms of lettuce drop. 
Selerotia obtained both from sunflowers in the field and from inoculated 
plants were placed for overwintering below the surface of moistened 
quartz sand in covered flower pots which wore buried in the garden two 
feet below the surface of the soil. In May the selerotia were found 
germinated. 

The following is a description of the perfect stage made unfortunately 
after the apothecia had been kept for some time in alcohol. 

Fruiting bodies numerous, siipitate, smooth, light-brown, funnel-shaped, 0.9 to 8.0 
ju in diameter; stipe slender, straight, sometimes bent one or more times; sderotia 
irregular tending in general to be somewhat tuber-like in form, at times elongate, 
black externally although sometimes covered with white mycelium, cream colored 
within; asoi cylindrical, hyaline, 66 to 136 by 6 to 7.4 ^ores monostichous, dlip- 
soid 7.4 to 11 by 3.7 to 4.6 n] paraphyses filiform. 

This description agrees closely with Fuckers description of Sclerotinia 
Ubertiana as quoted by Saocardo (17). The most important difference 
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between this description and that of Fuckel consists in slightly smaller 
spoie measurements, the spoies under observation measuring 7 4 to 11 
by 3 7 to 4 6 (X m contiast with ruckels measurements 9 to 13 by 4 
to 6 5 {A Ill this connection howevei it is of interest to note that 



Fic 1 The effect of mooulation of eunflowear plants vith Scletottma liJbetUana 
Photogiaph taken 12 Tteel s after inoculation Piunoculated plant at left a sdeio- 


deBaiy (2) found that fresh spores of S libertiam measured 11 to 12 
by 4 5 to 6 p, wheieas spores from matenal dried oi kept in alcohol 
were only about 9 by 4 5 y, DeBary's measurements of ascospores 
pieserved m alcohol are identical with the mean of the measurements 
given m the description above, thus leaving no reason to doubt that this 
fungus IS iSf hberhana 
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In connection with this determination of Sclerotinia lihertiana on 
sunflower it is of interest to note that there are many European records 
of this fungus upon the same host. As early as 1861 Fuckel (9) describes 
the perfect stage of Sclerotium convpactum DC. b. Helianthi Eabh. 
ScleroUum compactum DC. was later shown to be the sterile condition 
of Sclerotinia lihertiana Fuckel. In 1876, Brefeld (6) describes the 
parasitizing of Helianthus tuherosus by a Peziza-forming sclerotium. 
Frank (7) in 1897 records Sclerotinia lihertiana on the same host. DeBary 
(2) in 1886 found the same fungus twice on stalks of Helianthus annuus 
although he says that Sclerotinia rarely occurs on Helianthi. Kirchner 
(12) records S, lihertiana on sunflower in 1897. Saccardo (17) gives 
S. lihertiana on Helianthus annuus. Of the two more recent observations, 
Jachevski (11) in 1921 in Russia records the continual extension of 
injury to sunflower and other kitchen-garden plants from lihertiana, 
and the Journal of the Board of Agriculture (1) of Great Britain in 1917 
publishes a record of sunflower as a host of Sclerotinia scUrotiorum (syn. 
S, lihertiana). The evidence brought together hero indicates beyond a 
doubt that the disease of sunflower of Europe caused by Sclerotinia 
lihertiana is identical with that which has been encountered most fre¬ 
quently in America. 

Madison, Wisconsin. 
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FUNGI ISOLATED FROM THE INTERIOR OF COTTON SEED 

R. F. Cbawfobd 

The cotton seed used in this experiment was selected from badly 
wilted plants during the later part of September, 1921, by Dr. J. A. 
Elliott of the Arkansas Experiment Station. The chief object of the 
experiment, as reported by Elliott (3), was to determine whether or not 
cotton wilt was carried in the seed. Several other fungi made their 
appearance from time to time during the experiment, some of which 
have not been reported as being seed borne. The cotton seed was de- 
linted with concentrated sulphuric acid, washed thoroughly, dried and 
stored in a cloth bag. At the time of planting the seed was again charred 
in sulphuric acid, treated for two minutes in a 1-1000 solution of mer¬ 
curic chloride, and washed in sterile water. The plating was done on 
white blotting paper, which was dampened, placed in petri dishes, and 
sterilized in an autoclave for one hour at 16 pounds pressure. It would 
seem hardly possible that any external organisms could survive the 
treatment given the cotton seed, and all fungi reported are considered 
as coming from the interior of the seed. 


T\blb 1 —Fungi isolated from cotton seed. 


Series 

Date 

No. of 
seeds 


Colleto- 

triohum 

B 

Fusaav 
ium 
No. P 

Fusar- 

ium 

No.21 

Fusar- 
ium 
No. 3^ 

Cephar 

lothe- 

cium 

Altem- 

naria 

A 

9/27/21 

106 

4i 


11 

1 

0 

4 

0 

1 

0 

B 

2/28/21 

119 

6 


13 

1 

0 

7 

1 

1 

0 

0 

10/ 6/21 

150 

6 

+11 

14 

0 

0 

6 

1 

0 

0 

D 


160 

6] 


11 

0 

2 

■■ 

0 

0 

2 

E 


160 

5 


18 


8 

■1 

0 

0 

0 

F 

12/12/21 

96 

3 


20 


17 

0 

0 

0 

0 

G 

1/17/22 

BUM 

1 


20 


23 

6 

0 

0 

0 

H 

2/16/22 


4 


72 

0 

30 


0 

2 

0 

I 

3/14/22 


1 


54 

2 

28 


0 

2 

0 

J 

4/17/22 


1 


41 

9 

15 

14 

0 

1 

1 


Total 



274 

13 

123 

48 

2 

7 

3 


^ With the exception of Fuscarium vasinfectum, no specific name has been given to 
the Fuearia found. Cultures of each have been sent to Dr. C. D. Sherbakoff for identi¬ 
fication. 
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The increase in the number of isolations of certain of the fungi in the 
later platings was undoubtedly due to the fact that at first only apparently 
viable seed was selected, while in the last five platings the seed was 
unseleoted and contained a considerable amount of dead and shriveled 
seed which was naturally more apt to carry the facultative parasites 
or saprophytes. 

Colletotrichum. —^To establish the pathogenicity of the Colletoirichum 
sp. isolated from the interior of the cotton seed, healthy cotton bolls in 
various stages of maturity were brought into the laboratory and in¬ 
oculated with a pure culture of the fungus. These inoculations were 
made by transferring some of the spores into a wound in the boll made 
with a sterile knife. Successful inoculations producing the characteristic 
anthracnose boll-rot were obtaiaed in all cases, as had been done in 
experiments by Barre (1), Edgerton (2), and others with Glomerella 
gossypii isolated from the interior of the cotton seed. 

Biplodia gossypii. —The disease caused by this fungus was discovered 
and described by Edgerton (2) of the Louisiana Experiment Station, 
but no mention is made in the literature of its being seed borne. Elliott 
(4) states the possibility of its being carried on the seed. All the cultures 
of Diplodia wore isolated from the interior of dead seed. A number of 
cotton boUs were inoculated by means of needle punctures with pure 
cultures of the fungus. In a few days after inoculation, the bolls first 
became brown, and shortly after, pycnidia and spores could be found on 
the surface. The entire boll would soon be covered with a jet-black 
powdery coating of spores. The rot progresses very rapidly, involving 
the entire boll and destroying the lint. Dr. C. W. Edgerton, in con¬ 
versation with Dr. J. A. Elliott, suggested the possibility that cotton 
and sweet potato Diplodia were similar, if not identical. Inoculations 
were made on sweet potatoes with the cotton Diplodia and positive 
results were secured. The disease did not progress nearly as rapidly on 
the sweet potatoes as on the cotton. The sweet potatoes were slowly 
rendered dry, hard, and brittle, with a coal black interior. The typical 
pycnidia and two-celled brown spores were found on the surface of the 
sweet potato. 

Futsarium No. 1. —This Fusarium has a peculiar lemon-shaped sporan¬ 
gium-like body and a very coarse mycelium. It has been under obser¬ 
vation for some time and produces macroconidia very sparingly. On 
rice the Pusarium.produees a dark brown color. This fungus is evidently 
the same as has been observed by Dr. C. W. Edgerton of the Louisiana 
Experiment Station, In a letter Dr. Edgerton states: “I remember 
distinctly of obtaining a fungus with peculiar sporangium like bodies, 
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which I was never able to develop any further. ” No inoculation experi¬ 
ments have been conducted with this Fusarium. 

Fusarium No. —^This fungus, commonly found on and in cotton 
seed, appeared to be identical with the one reported by Edgerton (2) as 
very common on rotting bolls, especially in wet weather. The mycelium 
is apparently able to grow into the kernel of the seed and remain in a 
dormant condition during the winter. In the spring when the seed is 
planted the fungus forms spots on the cotyledons. This Fusarium was 
isolated from spots on the cotton leaves both in the field and greenhouse 
as well as from the interior of cotton seed. Field observations would 
indicate that a large percentage of young seedlings have these Fusarium 
spots on the cotyledons. Inoculated bolls show a slight staining of the 
lint and eventually may become entirely rotted. Injury to the bolls, 
such as caused by insects or the angular leaf-spot organism, is apparently 
necessary for infection. 

Fusarium No. 8 .—The first mention in literature of this Fusarium is 
by Elliott (4) who describes it as causing a rapidly progressing bright 
pink rot of cotton boUs. Throughout the experiment, some of the young 
seedlings, that did not show any fungous growth, were removed from 
the petri dishes and transferred to test tubes containing an inch of agar. 
Two of these plants developed fungous growth which stained the potato 
agar slants, on which they were growing, a bright pink far below the 
growth of the mycelium. Cotton bolls in aU stages of maturity were 
successfully inoculated in the laboratory. The rot progressed with 
great rapidity and soon destroyed the whole boll, producing a character¬ 
istic bright pink color of the lint. This Fusarium produces a rot of the 
bolls about as quickly as does the Diplodia boll-rot fungus. 

Two other fungi, a species of Cephalothecium, and an Altcrnaria, 
were isolated but no studies or inoculation experiments were conducted 
with them. 

Arkansas Experiment Station, 

Fayetteville, Ark. 
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PHYTOPATHOLOGICAL NOTES 


Gum diseases of sugar cane in the Philippines. Miss Wilbrink^ has 
pointed out the occurrence in Java of a bacterial disease, the symp¬ 
toms of which are red vascular bundles, sudden wilting of the leaves from 
the tips in longitudinal whitish streaks, and the production of numerous 
shoots from the lateral buds of the standing cane. The disease is 
identical to Cobb's gum disease of sugar in Australia with the exception 
that in Java there is no yellow bacterial ooze from the cut vascular 
bundles as is the case in Australia. 

In a previous publication, Lee^ reported an unidentified disease from 
the Philippines which for convenience was at the time termed red- 
vascular disease. The identity of the disease was uncertain at the 
time, due to the absence of the yellow ooze reported for gum disease 
by Cobb® and others. 

A recent visit to Java has shown the identity of the Philippine red- 
vascular disease with the bacterial cane wilt in Java; there is the same 
whitish longitudinal streaking of the leaves, sudden wilting, reddened 
vascular bundles and varietal susceptibility. Bacteria can be seen in 
masses in sections of the vascular bundles of affected cane under the 
microscope. Bacteria show up uniformly in dilution plates which 
agree with Miss Wilbrink’s description of the Java vascular organism, 
although our inoculation experiments are not sufficiently extended in 
time to enable us to state that we have reproduced the disease by 
inoculation. This disease in our experience in the Philippines attacks 
the varieties H-109, Lahaina, Negros Purple and Louisiana Striped 
very severely. We have not seen it on the Badila variety nor on the 
Caledonia canes. 

With the determination of this disease we are able to point, not en¬ 
tirely with pride, to the presence in the Philippines of all W two of the 
important diseases of sugar cane known in the literature. These two, 
sereh and Lahaina disease, may show up with further experience.—^H. 
Atherton Lee. 

1 Wilbrink, Miss G. De goroziekte van het suifcemet, hare oorzaaJc en hare bestrij- 
ding. Archief voor de Suikerindustiie in Kederlandsch-lndie 28:1399. 1920. 

“ Lee, H. Atherton. Observations on previously unreported or noteworthy plant 
diseases in the Philippines. Phil. Agr. Pev. 14:432. 1921. 

* Cobb, N. A. Plant diseases and their remedies. Agr. Gaz. New South Wales, 
4:777. 1893. 
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Leaf cast of Larix ocddentahs by Hypodermella lanns Tubeuf in north 
Idaho, The disease of western larch known as leaf cast (Hypodermella 
laricis Tubeuf) has been previously reported fiom Idaho by various 
writers. However, it appears as if the ina-portance of the disease has not 



Fig. 1 Hypodermella larvne killing short spurs of Lanx ouideniaha. 

received suflSicient attention. The purpose of the present note is to 
emphasize the fact that Hypodermella laricis does more damage than 
merely killing the needles in that it very often kills great numbers of the 
short spur-like branches which bear the needles. 

The common name “leaf cast of larch’^ as applied to this disease is a 
misnomer in that exactly the opposite phenomenon is produced. The 
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infected leaves instead of being deciduous remain on the tree until the 
following year and become quite conspicuous early in the growing season 
in contrast with the new leaves. 

During the last four years, the writer has noted the general distribution 
of the disease in north Idaho but during the summer of 1922 the infection 
appeared to be particularly severe. An idea of the severity of the in¬ 
fection may be conveyed by the appearance of a young stand of larch in 
the small sapling stage in midsummer. Last year many such stands 
appeared as if a fire had passed through them and these stands, when 
viewed from a distance, did not even have a greenish cast. 

On examining such a stand again this spring after the new growth of 
needles had been produced, it was observed that many of the short spur¬ 
like branches, which still had last year’s infected needles attached to them, 
were not producing new needles and that they had been killed. A 
count of five branches, picked at random, bore a total of 593 leaf-bearing 
spurs of which 29 per cent or 172 had been killed. On one of these 
branches having a total of 199 leaf-bearing spurs, only 121 were producing 
needles, the remainder, 78, had been killed. Dead branches are also 
quite common on badly infected trees and there is little doubt that they 
had been killed by the fungus under discussion. 

This reduction in the leaf area must be reflected in the rate of growth 
of the infected trees. In the writer’s opinion Hypodermella lancis causes 
an important disease of western larch and should be given detailed study. 
In figure 1 the dead, leaf-bearing spurs with last year’s infected needles 
are plainly visible. This specimen was collected May 11, 1923.— Henry 
Schmitz. 



THE FIFTH ANNUAL SUMMER MEETING OF THE 
AMERICAN PHYTOPATHOLOGICAL SOCIETY 

The fifth annual summer meeting of this Society, which was held in western New 
York and Ontario, Canada, during the four days from July 9 to 12,1923, inclusive, was 
most successful The weather was perfect; the attendance was good, there being present 
sixty-nine members of the Society and about twenty guests; the automobile transpor¬ 
tation facilitiee were excellent; and the program, arranged by the Advisory Board, with 
M. F. Barrus and J. H. FauU in direct charge of the itineraries for New York and 
Canada, was interesting and well conducted. The two local committees who had charge 
of the plans deserve much credit and have the thanks of the Society for their commend¬ 
able work. 

On the first day of the meeting the gardens, orchards and equipment of the New York 
Agricultural Experiment Station at Geneva, and experimental apple orchards in the 
vicinity were inspected. On the following day automobiles conveyed the party from 
Geneva to Rochester by the way of Lyons, Sodus, Williamson, and Irondequoit, fre¬ 
quent opportunities being provided for observing diseases of wheat, raspberries, apples, 
cherries, lettuce, onions, greenhouse cucumbers, tomatoes, and other crops. On 
Wednesday, July 11, the tour was continued through the extensive western New York 
fruit belt to Niagara Falls by way of Hilton, Albion, Medina and Middleport. 
During this part of the trip apples, cherries and raqoberries particularly were examined 
for diseases. On July 12 the party was entertained by oflBcials of the Canadian De¬ 
partment of Agriculture, the Ontario Agricultural College and the frtiit growers of the 
Niagara Peninsular section. Stops were made at about seven places between Niagara 
Falls and Hamilton, Ontario, including a visit to the Experiment Station of the Province 
of Ontario at Vineland. The large variety of fruits that are grown very intensively in 
this section, although in general remarkably free &om diseases, were of much interest 
to the visiting pathologists. The meeting culminated with a complimentary banquet 
provided by the Dominion Deportment of Agriculture at the Royal Connaught Hotel 
in Hamilton. 

One of the main features of the meeting was the excellent opportunity provided for 
studying raspberry diseases of the yellows t3^e, that is, mosaic, leaf curl, and the so- 
called eastern blue-stem or rosette. Plenty of diseased plants were available for 
study and the pathologists who have done the most work on these diseases were present 
to give explanations concerning them. A field where roguing for control of mosaic 
and leaf curl has been practiced was remarkably free from the disease. 

Another importont line of work, the results of which were inspected in four orchards, 
was the apple spraying and dusting experiments of the Geneva and Cornell Experiment 
Stations. Among the preparations under investigation were sprays and dusts to which 
various kinds of stickers had been added, colloidal and precipitated sulfur as prepared 
by H. C. Young, and nicotine sulfate and tobacco dust in combination with various 
sprays and dusts for red bug control. In the Cornell experiment at Sodus a very good 
example of the importance of the timeliness of the pre-blossom spray for scab control 
was noted. 
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At Williamson, N. Ythe onion breeding and 'tmut control plots were of much interest, 
and the visits to the Niagara Sprayer Company at Middleport, N. Y., and the fruit 
packing plant of Senator E. D. Smith at Winona, Ontano, deseive especial mention. 

Of the diseases that were observed, perhaps the following were most interesting: 
mosaic, leaf curl, eastern blue-stem, powdeiy mildew (undet) and c^o blight {JLep- 
tosphama comothyiium’"ConiothyTmm fuckehi) of raspberry; orange rust {Kunkeha 
miens') of blackberry; Fames nhis on currant; leaf spot (MycosphancUa fraganae), 
leaf scorch {Molhsia earhana), root rot (undet.) and winter injury of strawberry; 
fire blight and scab on apple; leaf spot {Coccomycea hiemahs) of cherry; mosaic, tipburn, 
bottom rot {Bhisocionia sp.), drop (Sclerohma hb&rtiana) and Botrytis rot {Botryits sp.) 
of lettuce; smut {Urocystis cepulae) and pink root {Pvsarium sp.) of onion; and take*all 
and other diseases of wheat. The stem nematode (Tylenchtts dipsaci) was found for 
the first time in the eastern United States on the common dandelion by G. H. Godfrey 
during the course of this field trip 

The following resolution, presented by a Resolutions Committee, was adopted: 

To whom it may concern: 

The members of the American Phytopathological Society appreciate very much the 
many oourt^es shown them by the different groups and individuals during the occasion 
of the Fifth Annual Summer Meeting of this Society, and we hereby formally wish to 
express and convey that appreciation, especially to the officers and staff of the New 
York Experiment Station, Geneva, to the staff of the Extension Service and Plant 
Pathology Department of the Agricultural College, Cornell University, under the 
kindly and efficient leadership of Profs. M. P. Barms and H. B. Thomas, to the 
Dominion of Canada Department of Agriculture and to the Ontario Department of 
Agnoulture, especially the officers and staff of the Vineland Experiment Station, to the 
Agricultural Representatives and fruit growers of the Niagara District, Ontario, to 
Prof J. E. Howitt, Ontario Agricultural College, Guelph, to the Monroe County Farm 
Bureau under the leadership of Mr. E. G Smith, to the Sodus Fruit Farm, Inc., Sodus, 
N. Y., to the Hon. Senator E. D. Smith, Winona, Ontario, to Mr. F. L. Stripkland, 
Lookport, N, Y., and to the Niagara Sprayer Company. 

The Committee on Resolutions requests that this note of appreciation be spread on 
the minutes of the Society and a copy be sent to each of the above-mentioned organiza¬ 
tions and individuals. 

Signed: 

S M. Zelvbr, Chairman. 

Charles Cbvpp, 

G H. Coons, 

Besolutions CommiUee. 

E. J. Habhbll, 

Sbcrbtaby, Advisory Board 
OF American Plant Pathologists. 



ABSTBACTS OF PAPERS PRESENTED AT THE FIRST AN¬ 
NUAL MEETING OF THE INLAND EMPIRE SECTION, 
PACIFIC DIVISION, AMERICAN PHYTOPATHOLOGICAL 
SOCIETY, PULLMAN, WASH., AND MOSCOW, IDAHO, 
FEBRUARY S AND 10, 1923. 

At a meeting held at Pullman, Washington, Februairy 3,1023, at which were present 
the plant pathologists of Washington State College and the University of Idaho, the 
following program was given by the members from Washington State College. 

Botrytis diseases in Washington. B. F. Dana. 

The following diseases as they have occurred in Washington have been assigned to 
Botryhs cvnerea Pers: Apple fruit rot, carrot storage rot, cranberry fruit rot, fig canker, 
ginseng moldy seed, gooseberry dieback, lettuce gray mold, Ulac leaf bli^t, peony 
blight, pear, plum, raspberry, and strawberry fruit rots, and squash storage rot. Onion 
neck rot, B. alii Muxm., peony blight, B. paeoniae Oud., and tulip blight, B. parasUica 
Cavara have also occurred in Washington within the last eight years. During the 
same time the following diseases caused by unassigned species of Botrytis have oc¬ 
curred; eggplant fruit rot, golden seal leaf blight, periwinkle leaf blight, rose blossom 
blight, and snowball blossom blight. 

Notes on Rhizoctonia. B. F. Dana. 

Experimental work on potatoes at Pullman has shown that selection of visibly clean 
seed stock will give the largest quantity of table stock. If this clean seed is treated 
with mercuric chloride it will increase the yield of dean tubers in the table stock. In 
one experiment infected imtreated seed gave 9 per cent, infected treated, 59.5 per cent, 
and clean treated seed gave a yield of 80 per cent clean table stock. Mercuric chloride 
has proven superior to formaldehyde against Bhizoctonia. The following results 
of one test are representative. Infected untreated seed yielded 50 per cent clean table 
stock. Treatment with formaldehyde and mercuric chloride increased the yield of 
clean table stock to 73 and 84 per cent respectively. Treatment of seed with merctnic 
chloride, four ounces to thirty gallons of water for two hours, has not increased yields in 
potatoes treated just before planting. Shortening the time of treatment gave lessened 
control even when double strength or eight oimces of mercuric chloride to thirty gallons 
of water was used. 

Spraying with Bordeaux mixture at Pullman and Yaldma and soil fertilizer treat¬ 
ments at Pullman did not consistently increase the yield or per cent of clean tubers in 
the crop. Late spring plantiugs at Pullman gave a higher yield of clean tubers in the 
crop from infected seed than early spring planting \mder the same conditions. 

Preliminary report on rots of (he cranberry in Pacific County. D. J. CkowiiBT. 

During the post season the writer made an investigation of the fungous diseases of 
the cranberry in Pacific County, Washington, and also carried out a series of spraying 
experiments to determine the best means for their control. Very little rot showed in 
the bogs during the growing season, but soon after the bmries were placed in storage, 
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they started breaking down rapidly. Later work in Pullman showed that the following 
organisms were responsible for the storage rots: Fusicoecum putr^aeiena Shear; Gmg- 
nard%a vaccimx Shear, Pcstalozzxa guc'jnn%i vaccmvi Shear, Sporonema oxycocob Shear; 
Sparonema pulnnatuni Shear; Anthobtoniella deUiiuma Shear; Photnopsis sp.; Stemphy- 
hum sp.; Botrytia sp. Storage of berries at 32“ P. reduced the storage losses by about 
one-half. Further investigations aie still being carried on. 

Coryneum blight of atone fruits in Washington. Chas. S. Paukkr. 

This disease was shown to be of economic importance periodically in parts of the 
State of Washington. By means of artificial indeulations and re-isolations all of the 
typical symptoms of the disease as observed in the orchards were reproduced within 
the greenhouse or laboratory. Experiments involved the use of peach, apricot and 
cherry hosts. Coryneum heijcnnckti Oudera. was demonstrated to be the causal or¬ 
ganism. Infection was found to take place only through the stomata or ruptured 
epidermal tissue of leaves. The fimtmg body was shown to be an acervulus, which 
was readily reproduced on twigs of the host plants, but never on dextrose or prune agar. 
Spores upon the natural matrix will resist unfavorable conditions for a very extended 
period. After nineteen days of desiccation spores germinated within twenty-four hours. 

Notes on the anthracnose of lettuce. Chas. S. Parebr. 

In the fall of 1922 volunteer head-lettuce plants showing this disease were trans¬ 
ferred in flats from the open garden to greenhouse. Marasonia panattoniana (Berlese) 
Magnus was isolated and grown on 3 per cent dextrose agar plus ten. During the 
winter months, by means of an atomizer, spores from the pmre culture were sprayed over 
the leaf surfaces of Lactuca scariola L., which were growing in the greenhouse, and a 
perfect infection was obtained. Early in the spring of 1923, typical anthracnose lesions 
vrere observed along the mid-rib of Lactuca scariola L. growing in the open as a weed. 
Isolations made from this material were growing well in pure cultvure when a sudden 
increase in temperature due to exceptional warm weather killed this material and the 
pure cultures from the cultivated lettuce. 

Fusarium rot of onions, L. W. Boylb. 

A brief statement was presented of the onion rot problem of the Walla Walls truck 
district of Washington. The rot occurs in the field but is most important in storage 
and transit, causing heavy losses. Specimens from the field showed wilted and brown 
soft tops. The bulbs, however, showed no rotting about the necks except in very 
advanced stages. Certain specimens appeared perfectly normal until out. Stai'ting 
at the base and extending various distances up individual scales, the tissues had a solid 
watersooked appearance. The soft rots were likewise limited to individual scales and 
the tissue had a brown slimy appearance. This condition also started at the base and 
was apparently following up the individual scales after the before-mentioned water- 
soaked condition. The roots were still attached but in many cases easily brushed off. 
Specimens of tbe rot in the advanced stage, where a large part of the bulb was soft, 
had a heavy ring of white fungous growth about the base. This invariably was pro¬ 
ducing Fusarium spores. Bacteria and fungi were isolated from the soft brown rotted 
tissue near the base of bulb scales, and pure Fusaria cultures were isolated from the 
more solid tissue at the edges, in advance of the soft brown tissue. Methods of isolation 
and inoculation were described. Further work is necessary to determine whether 
bacteria or fungi alone, or together, cause the rot. 
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Further observations on the relation of the spore load to the per cent of hunt appearing in 

the crop. F. D. Heald and L. W. Boylb. 

To be published in full in Phytopathology. 

The copper carbonate bunt problem. F. D. Heald. 

A brief review was presented of the work carried out on the copper carbonate dust 
treatment for bimt or stinking smut of wheat, with a presentation of the features in 
which the new treatment shows a superiority over the old wet methods of seed disin¬ 
fection with bluestone or formaldehyde. Special emphasis was given to the complete 
elimination of seed injury by the use of copper carbonate. Several lots of seed treated 
a year ago gave better germination than untreated seed. Copper carhonate treated 
grain invariably has shown a greater vigor of growth and the protection against smut 
has been better than when formaldehyde is used, and equal to or better than when 
bluestone has been employed. 

Many different commercial brands of copper carbonate are now on the market and 
one of the present problems is the determination of what specification should be de¬ 
manded The different brands differ in purity, specific gravity and fineness. Two 
ounces of Corona Compound per bushel, testing from 17 to 21 percent of metallic copper, 
has given practically as good protection in sprii^ plantings as pure copper carbonate, 
testing fifty or more per cent of metallic copper. 

The following week, February 10, 1923, those interested in plant pathology, from the 
two institutions, convened at Moscow. At this meeting the final organization of the 
Inland Empire Section, Pacific Division, of the American Phytopathological Society 
was completed. There were twenty-six present. The following oflBcers were elected: 

President, F. D. Heald. 

Vice-Presid&nt, C. W. Hungerford. 

Secretary-Treasurer, J. M. Raeder. 

The following program was given by the Idaho representatives: 

Studies in wood decay V. Physiological spedaMzation in Fames pinicola Fr. Henry 

Schmitz. 

The results obtained from a physiological study of four cultures of Fames pinicola 
Ft., obtained from four different hosts, namely, Douglas fir, {Paeudotsuga taxifoha), 
white fir {Abies grandis), western hemlock {Tauga heterophyUa), and western white pine 
{Pinus monticoh,), were reported. The results obtained show that these four strains 
of Fonm pinicola differ very markedly in (1) the characteristics of growth, (2) the rate 
of growth, (3) the extracellular enzyme activity, (4) the intracellular enzyme activity, 
(5) the effects produced in mixed cultures, (6) the growth m liquid media and (7) the 
nitrogen relations. 

The distribution of Ribes and five-needle pine in the Okanogan region of WashingUm and 

British Columbia. V. H. Young. 

Preliminary results of experiments with leaf roll and mosaic in Idaho. Chas. W. Hunobb- 

PORD. 

Bliss Triumph potatoes from mosaic free stock were grown under cloth cages and 
various insects were introduced into these cages aftm: having fed upon mosaic diseased 
plants. The following insects were used: green peach aphis {Myais persieae Sulz), 
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pink and green rose aphis (Macrosiphiini solanifolii Ashmead), a false chinch bug 
{Nysius ericae Shilling), tarnish plant bug (Lygus praienais Linn.) and several others. 
Positive results were secured with the pink and green rose aphis only. Characteristic 
mottling developed three weeks after the aphids were introduced into the cagos. All 
the checks remained healthy. Tubers from these infected plants were later grown in 
the greenhouse and in each case at least some of the tubers from each hiU produced 
badly diseased plants. In one case four small tubers from one of these plants were 
planted in the greenhouse. Two of these produced apparently healthy plants while 
the other two were badly diseased. Small potato seed plots grown in various parts of 
the state fiom selected seed of the same seed lot developed varying amounts of mosaic 
when grown in different locahties. This apparently would indicate either that mosaic 
symptoms were masked under some climatic conditions or else local sources of infection 
from other fields or from wild hosts were present in some cases and not in others. This 
work is being continued upon a larger scale this year. 

Reaults of testa with copper carbonate in Idaho. Chas. W. Hungbufoko. 

Tests have been made the last two years with several dust treatments for the control 
of stinking smut. None of these treatments have given as good control of smut as the 
standard bluestone treatment under the conditions where they have been tried. Three 
different commercial brands of copper carbonate were used. None of these gave as 
good control as bluestone. Germination, however, was better in every case where 
copper carbonate was used. In small experimental plots the stand was better in each 
case where copper carbonate was used than in the check plots. These tests are being 
continued in cooperation with a large number of farmers in various parts of the state 
using a number of commercial brands of copper carbonate and a number of mercury 
compounds. 

The ejfect of pra-apriidding toiih waie/r on the hot formoddehyde and corrosive aublimate 

methada of potaio seed treatment. J. M. Eaeder. 

Further laboratory results this year indicate that the efilcienoy of both the hot 
formaldehyde and the corrosive sublimate treatments for seed potatoes is increased by 
first sp rin kli n g the potatoes with water and then covering them for 24 or 48 hours. As 
compared with last year's results, this difference was not so marked. Results last year 
showed complete control with six different methods of treatment with hot formaldehyde 
subsequent to sprinkling. This year absolute control was obtained in only four such 
coses. The results of this work soon be published in fuU. 

Preliminary reavdta with the use of sulfur for the control of potato scab in Idaho. J. M. 

R A i Hi o nn . 

This work was conducted on but one acre of ground divided into thirteen plots, five 
of which were checks. The average pH value of the soil of these checks was 6.74. Al¬ 
though the pH value of the soil of some of the plots was materially reduced, the results 
obtained at digging time showed that control was n^ative. This work be con¬ 
ducted on a larger scale during the coming year. 

The October nuniber of Phytopathology woe issued October 19,19SS. 
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NOTES ON THE FAILURE OF GRAPEVINES TO SET FRUIT 

AND ON SHELLING 

Arthur S. Rho\ds 
With Pl\.te XXI 

The failure of grapevines to set fruit, or to retain their fruit after it 
has developed more or less fully is a trouble of coribiderablc economic 
importance. Both this non-setting of grapes and their falling otf after 
they have developed more or less fully is termed “coulure” Iw the 
French viticulturists. 

While the failure of the flowci*s to sot fruit, or of the berries to develop 
appreciably, has long been recognized by European viticulturists, and 
some phases of it by American horticulturists engaged in grape -breeding 
experiments, this trouble has been given but scant attention by American 
pathologists. From a consideration of the American pathological 
literature the impression is gained that the non-setting of grapes is of 
but little importance in comparison to the falling of the more or less 
^'ully developed fruit, or "shelling” or "rattles,” as this trouble is 
commonly designated in this country. 

Observations by the writer indicate that the non-sotting of grapes is 
of far greater importance as a factor of loss than the commonly mentioned 
shelling. The undue prominence which shelling has attained in. com¬ 
parison to non-setting is largely duo to the much greater conspicuousness 
of the loss caused by the former, the falling of some of the well-developed 
berries attracting the attention of even the most casual observer, where¬ 
as large numbem of the flower clusters may fail to set fruit or even blight 
and drop off entirely within a few days and entirely escape the casual 
observer or excite but little comment as a rule. 

In California, Bioletti (1) has applied the term "early coulure” to 
the failure of the flowers to set fruit or the dropping of the berries without 
developing appreciably, and the term "late coulure” to the falling or 
shelling of the berries after they are well developed. Bioletti’s distinc¬ 
tions seem very appropriate and should prove useful, especially in the 
absence of any other term, for the earlier form of this grape trouble. 
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The non-setting of the grapes, or early coulure, if we accept the more 
convenient term, has been investigated by a large number of observers 
and a variety of causes assigned. These may be either constitutional 
or accidental. 

Under early coulure as a result of constitutional causes by far the 
most important factor to be considered is the lack of self-fertility of 
certain varieties due to imperfect development of the flowers or to lack 
of functional activity of the pollen produced. The work of a number 
of investigators has shown that a large number of grape varieties are 
more or less incapable of setting fruit if planted alone, but that, like the 
pistillate strawberries, they must depend upon the pollen of other varie¬ 
ties for perfect fertilization and fruitfulness. In other instances, flowers 
may be seemingly perfect in their organs and yet fail to develop fruit. 
Miiller-Thurgau (6) regards this as an inheritable character of certain 
vines, the only remedy for which appears to be ringing the vines, which 
tends to lessen the amount of water supplied and to concentrate the 
liquid nourishment carried to the flowers. 

Early coulure as a result of accidental causes has been attributed 
to such factors as unfavorable weather conditions or fungous attacks 
occurring at the flowering time, spraying while in bloom, improper 
pruning, a deficiency in the supply of reserve materials in the canes 
due to its depletion by excessive vegetative growth or by overbearing 
the preceding year, unsuitable or exhausted soil, and the absorption of 
excessive material from soils extremely poor in nitrogen and phosphoric 
acid. The writer wishes to record observations on the first two of these 
factors. 

In 1922 all the grapevines in the vineyard of the Missouri State Fruit 
Experiment Station that had come into full bearing, produced a very 
satisfactory crop of fruit and in the spring of 1923 the same vines pro¬ 
duced an abundance of blossom clusters and had every indication of 
bearing an equally good crop. However, the weather conditions that 
prevailed during the blooming period of the grapes resulted in a more 
or less severe reduction of the fruit upon certain varieties. This was 
occasioned largely by the failure of the fruit to set but was aided some¬ 
what in a few varieties by the early development of black rot, which 
attacked the flower clusters even before the blossoms opened. 

The observations made upon the station vineyard, at least those in 
so far as the counts were concerned, were confined to that portion 
of the vineyard in full bearing, which consisted of several different 
varieties in their fifth year. The Champion, which is the earliest bloom- 
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ing variety, was in full bloom on May 30, and the Carman, which is 
a very late blooming variety, had passed the climax of its bloom on 
June 18. 

The fruit loss due to failure to set as a result of the prevalence of rain 
during the blooming period, estimated after the set of the remainder 
had been assured and checked up later in the season after the berries 
had become about half grown, was as follows: 


Variety 

Period of Blooming 

Per cent Loss 

Champion 

Early 

Less than 1 

Cottage 

<< 

2 

Barry 

Midseason 

Less than 1 

Concord 

(< 

Less than 1 

Daisy 

<< 

4 

Eclipse 

II 

25 

Hartford 

II 

4 

Herbert 

11 

5 

Hernito 

1C 

20 

Hicks 

cc 

2 

King 

u 

4 

Moore’s Early 

u 

50 

President 

11 

5 

Captain 

Late 

20 

Cloeta 

cc 

1 

Fern 

Cl 

50 

Lomanto 

cc 

5 

Mixench 

it 

80 

Carman 

Very Late 

35 


The unfertilized berries either fell off the flower clusters before attaimng 
any appreciable development or else developed very tardily as compared 
to normal berries, and then fell off while still very snoall (PL XXI fig. 1). 
This same trouble was noted also in other small grape plantings at 
Mountain Grove and in vineyards in other sections of Missouri. 

In four varieties the estimation of the fruit loss was complicated by the 
occurrence of blossom blight caused by the black-rot fungus, Guignardia 
bidwelUi (Ell.) V. & R. The flower clusters attacked by this fungus 
quickly became brown, soft and rotten, the lower end being the first 
to become infected as a rule (PL XXI fig. 2). Within a few days the 
entire flower cluster became involved and dried up and dropped off, the 
scars left by the abscissed peduncles being the only indication that the 
shoots had developed flower clusters. Numerous pustules of the black-rot 
fungus appeared in the bases of more or less of the new growth of the 
four varieties infected and, in a few cases, occurred even on the peduncles 
of the flower clusters. In addition to the figures already given for fruit 
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losses as a result of the prevalence of rain during the blooming period 
it was estimated that there was a further loss of 5 per cent of the potential 
crop of the Moore’s Early, 50 per cent of that of the Hernito, 75 per cent 
of that of the Captain, and 35 per cent of that of the Carman due to 
black-rot alone. 

An inspection also was made of three species of wild grapevines which 
occur abundantly on land adjoining the station. Of these species, which 
were in full bloom on June 20, blossom blight caused by black-rot was 
abundant on Vitis aestivalis Michx. and V. cordifolia Michx., practically 
all the flower clusters on some vines rotting back from the tip, and later 
turning brown, shrivelling and falling off. No evidence of black-rot 
was to be observed on any part of the vines of V. diierea Engelm., even 
though growing in association with heavily infected vines of the other 
two species, tMs species appearing to be quite immune. 

The meteorological records taken at the station, which arc given 
below for the blooming period of the grapes, show that cool, rainy weather 
prevailed throughout the blooming period. 


Date 

Temperature 

Precipitation 

General character 

Maximum 

Mimmum 

in inches 

of day 

May 28 

78 

58 


Partly cloudy 

29 

81 

62 

— 

Clear 

30 

83 

60 

.09 

Partly cloudy 

31 

85 

62 

trace 

U IC 

June 1 

86 

65 

trace 

Clear 

2 

79 

61 

— 

Partly cloudy 

3 

83 

62 

1.04 

l< <1 

4 

79 

64 

.58 

Cloudy 

5 

82 

63 

— 

Partly cloudy 

6 

81 

62 

— 

H If 

7 

83 

61 

.28 

It 11 

8 

83 

60 

— 

It it 

9 

80 

62 

— 

Clear 

10 

73 

63 

.67 

Cloudy 

11 

76 

64 

.47 

It 

12 

77 

57 

.18 

tt 

13 

69 

53 

trace 

l( 

14 

79 

59 

— 

Clear 

16 

77 

63 

— 

Partly cloudy 

16 

86 

66 

.08 

tt <4 

17 

84 

77 

.46 

it if 

18 

85 

66 

.03 

it ti 

19 

86 

67 

_ 

It a 

20 

84 

67 

— 

Clear 
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Hedrick (3, p. 77) concludes that rain and the cold and wind that 
usually accompany it at blossoming time cause the loss of more fruit in 
New York than any other climatal agencies. The damage is done in 
several ways. In addition to the most obvious injury, namely, the 
washing of the pollen from the anthers, the secretion of the stigmas, 
which is so essential to the proper germination of the pollen, also is 
washed away or ^becomes so diluted that the pollen does not germinate. 
It is further probable that the chill of the rainy weather decreases the 
vitality of the pollen. Hedrick (4, p. 368) also states that further investi¬ 
gations at the Geneva Station have shown that the pollen grains of 
practically all fruits burst and will not germinate in water. From this 
work he is of the opinion that there can be little doubt but that the action 
of rain on pollen is quite as potent in preventing a set of fruit as is its 
injurious eJffect on the stigmatic fluid. Casella (2) states that in the 
grape, rain was found to cause the cap or calyptrum to adhere to the 
stigma and thus prevent pollination. 

Quite as important as any of the above considerations, and possibly 
more so, is the fact that rain prevents the distribution of pollen by the 
wind and must effectually prevent bees and insects from carrying it. 
Weather conditions involving rain and a humid atmosphere also have 
much to do with the development of parasitic fungi, which may quickly 
destroy the blossoms or even cause a blight of whole blossom clusters. 
This, however, is an entirely different condition than the dropping of 
the blossoms as a result of incomplete fertilization. 

Low temperatures and rainy weather during the blooming period may 
be a factor in reducing the set of the fruit in still another way. According 
to the investigations of Miiller-Thurgau (5) on the falling of grape 
flowers, duU, cool weather during blossoming is especially favorable for 
the growth of leafy shoots which aid in the depletion of the reserve food 
materials that otherwise would be available for the development of the 
inflorescence, so that the nutrition is not sufficient for the blossoms. 
He states, further, however, that such a starving of the blossom cluster 
and, consequently, a more or less extensive shelling of the blossoms will 
occur also with weather favorable for blooming if abundant nitrogen is 
present in the soil, or if virgin soil is used for the cultivation of grapes 
when the luxuriant development of the vegetative organs limits the 
further development of the blossoms. 

Subsequent investigations by Miiller-Thurgau (6) indicate that not 
only long-continued cold, rainy weather, but a long period of low tem¬ 
perature alone, or excessive dry weather have been found conducive to 
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the failure of the fruit to set. It is thought by him that low temperature 
exercises an unfavorable influence on the metabolism of the flowers and 
that evaporation and the formation of sugar in the leaves are retarded, 
as is likewise the solution and utilization of the organic reserve material. 

Shelling of the more or less fully developed berries, or late coulure, 
also is due to a variety of causes which come under the category of un¬ 
balanced nutrition and unfavorable climatic conditions. The agencies 
that contribute to shelling from these causes generally are considered 
to be the following: a weakening of the vines due to over-bearing, 
heavy vegetative growth in proportion to the root system, attack of 
the vine by root-rot, or to such factors as excessive nitrogen supply 
emphasized by over-tillage and prolonged drought or excessive rains 
followed by drought. It has also been held that a lack of potash is in 
many cases the primary cause, although there is considerable evidence 
that this is not a factor. 

Grapes affected with shelling from purely physiological derangements 
engendered by these causes usually fall two or three weeks before maturity, 
the normally fibrous, connecting tissue of the pedicel cleaving smoothly 
at the point of junction with the berry. The berries at the end or at 
the extremity of the shoulder of the cluster, as a rule, are the first to fall. 
The affected berries, particularly of the green varieties, often exhibit a 
peculiar, though indistinct, mottling of the surface; the skin becomes 
abnormally thick and the whole berry is harder than normal berries of 
the same age. The interior of such a berry shows a brown zone immedi¬ 
ately beneath the skin and the taste is noticeably insipid as compared 
to the tart, astringent flavor of the normal, unripe berries. 

The shelling of mature or nearly mature grapes may also occur as the 
result of certain fungous diseases of the fruit, although these have been 
denied as the primary cause of this trouble as understood in American 
literature. This has been due to the fact that the term shelling has 
been limited hitherto to the dropping of the fruit as a result of purely 
physiological disorders. A typical shelling of the fruit, however, occurs 
when the berries are attacked by such fungi as the brown-rot form of 
downy mildew (Plasmopara viticola (B. & C.) Berl. <fe De Toni), the 
dead-arm disease {Cryptosphaerella viticola (Red.) Shear), the bitter-rot 
(JMelanconium fvMginmim (Scrib. <fe Viala) Cav.), the white-rot (Conio^ 
thyrium diplodiella (Speg.) Sacc,), and the ripe-rot (Glomerella dngulata 
(Atk.) Spauld. & v. Schrenfc), !i^en in the case of shelling caused by 
these fungous diseases, the fungous disease is not always evident. During 
the course of the writer ^s investigations of grape diseases during the 
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summers of 1922 and 1923 it was noted in vineyards at Neosho and other 
points in Missouri, where the grapes were attacked by bitter-rot, that 
many of the ripe grapes would shell off during the handling incident to 
picking and packing. Most of these, it is true, showed more or less 
conspicuous pustules, while others appeared perfectly normal to the eye, 
although they were infected and developed pustules after being placed 
in a moist chamber for a few hours or sometimes days. 

Inasmuch as shelling of grapes may be caused by certain fungous 
diseases alone, it is evident that our usage of this term will have to 
be enlarged beyond the scope of miscellaneous physiological disorders, 
to which it has been limited previously. 

Missoubi State Fbuit Expebiment Station, 

Mountain Gbove, Missouri. 
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A DISEASE OF TOMATO CAUSED BY PHYTOPHTHORA 

MEXICANA. SP. NOV. 

J, W. Hotson and Lena Hartc.e 
With Pxates XXII and XXIII and One Figure in the Text 

INTRODUCTION 

The genus Phytophthora was first named and described in 1876 by- 
Anton de Bary (1), who was at that time making an extensive study 
of the disease producing potato blight. To the organism causing that 
disease he gave the name Phytophthora infestans, by which name it has 
since been known. Saccardo lists eight species in his Sylloge Fungorum 
(12). There are now more than twenty known species, four of which 
have been reported as attacking tomato. These four are as follows: 
tomato blight, caused by P. infestans (Mont.) de Bary (9); buckeye rot 
of tomato fruit, caused by P. terrestria Sherb. (13); collar rot, caused by 
P. cryptogea Pethy. (7), and the fourth, a damping off, stem-girdling 
Phytophthora as yet undescribed and unnamed (8). The present paper 
has to do with a fifth disease, caused, it is believed, by another species 
of Phytophthora which has been under observation and culture for more 
than three years. The organism herein described was isolated from some 
tomatoes shipped into Seattle, Washington, from Mexico in the early 
summer of 1917. Transfers were made of this culture from time to 
time to keep it alive until 1920, at which time the cultural study was 
begun. 

The fungi of the genus Phytophthora were for a long time thought 
to be obligate parasites, but in 1900 two Frenchmen, Matruchot and 
MoUiard, succeeded in growing P. infestans on artificial media. Five 
years later, Clinton, working at Connecticut Agricultural Experiment 
Station, reported somewhat similar results (2). Jones and Giddings 
(3), of the University of Vermont in 1909, also carried on some research 
work along this line with varied success. Since that time considerable 
cultural work has been done on this genus. 

THE MYCELIUM 

The mycelium of the fungus under consideration grows readily on 
artificial media, producing more or less dense growth on the surface of 
some and growing quite deeply into the substratum of others. Within 
twenty-four hours radiating strands of mycelium one-half inch or more 
long may be seen growing out from the point of inoculation. As the 
growth increases, if the growth be aerial in character, the medium 
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becomes covered with an even, white coat of mycelium, and on the 
other hand, if the growth be substratal in character, the natural color 
of the medium prevails, due to the sparse surface growth. The former 
is true of its growth on the lima bean agar, and the latter is characteristic 
of its growth on the oat agar, while on the tomato media there seems to 
be both aerial and deep substratal growth. 

The hypha averages 7.7 [jl in diameter, and is profusely branched 
and non-septate. In its younger stages it is full of dense, granular 
protoplasm, interspersed with numerous oil globules. As has been 
observed by other workers on the genus Phytophthora, the tip of the 
branches often burst when mounted in water and the contents ooze out 
in oily globules. The branching of the mycehum is very irregular. 
Some of the branches are of a short, knob-like character, sometimes 
touching and anastomosing. Where the mycelium penetrates the medium 
it gives the peculiar knobby appearance shown in Plate XXII, figs. 2 and 3. 
The knobby appearance is not a new feature, as it has been previously 
mentioned in the description of other species. Reddick (8), for instance, 
found swellings and distortions of the hyphae of a Phytophthora grown 
on beef bouillon, or beef agar with sugar. In the species under considera¬ 
tion, however, liquid media seem to give straight, long, slender filaments 
with but little of the irregularity that is characteristic of its growth on 
solid media. In older cultures the mycelium becomes septate, a condition 
noted by other workers on other species of Phytophthora. At this stage 
the filaments are usually empty, or if they contain protoplasm, it seems 
to have lost its continuity and to be disintegrating. 

The tomato fruit, when inoculated, shows the mycelium growing in 
all parts of it. It seems to be intercellular in its character, appearing on 
the surface after about five days and within two weeks covering the 
entire surface with a white growth. In the stem of the tomato plant 
the hyphae are usually found to be intercellular, rarely intracellular, 
and occasionally penetrating the spiral vessels and growing up through 
the vascular system (Plato XXHI, fig. 16). In the leaf, roughly mounted, 
the mycelium may be seen through the epidermal tissue ramifying in 
all directions between the cells. 

CONmiOPHOMlS 

The conidiophores (Plate XXII, fig. 11) are found in varying numbers 
on aU cultural media, profuse on tomato agar, but rather scattering 
and scanty on oat agar. At different times of the year they vary greatly 
in abundance. In the spring and summer months they appear in great 
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numbers. During the past winter when conidia were desired for inocula¬ 
tion purposes, it was observed that they were produced very sparingly 
both on old and on freshly made media of various kinds. In many 
cases none at all were found. But with the advent of spring, conidia 
came again on all cultures in great numbers. This probably was a tem¬ 
perature condition, as the past winter was an exceptionally cold one for 
Seattle, and no similar conidial conditions were observed in previous 
years. 

Cultures were made in Van Tieghem cells and the development of 
conidia watched. The conidiophore (Plate XXII, figs. 1,4, 5, 6) appears 
first as a simple stout branch at the apex of which a single conidium is 
borne. The branch at the base of the conidium swells slightly, the 
conidium is pushed aside, and the branch elongates, producing another 
apical conidium. Simultaneously with this growth the primary conidium 
is pushed out on a long slender stalk arising by growth at its base. 
Often the conidia are produced so close together and so abundantly 
that the conidiophore assumes a cymose appearance. Rarely does the 
conidiophore have the swollen knob just below the branch as in P. 
infestans. But this feature is neither a conomon nor a typical character¬ 
istic of this species. 

The conidiophores on the leaves of inoculated tomato plants may be 
seen pushing out through the stomata, the base always bulging notice¬ 
ably just after reaching the surface of the leaf (Plate XXII, fig. 10). 

THE CONmiA 

The conidia begin to form in forty-eight hours after new cultures 
have been made and begin to germinate immediately on reaching matu¬ 
rity They vary greatly in size, ranging from 16 to 77 (ji in length and 
from 16 to 33 (A in width. Those coming from the tomato fruit and from 
tomato plant are of an elongated t3T)e, often measuring twice as long 
as wide (44 X 22to 46.2 X 24.2 pt). In the early stages of development 
they are filled with densely granular protoplasm surrounding a large 
vacuole. When the conidia reach maturity the vacuoles seem to have 
partially disappeared. There is also a great variety of forms, some 
having length and width nearly equal and others being twice as long as 
wide, while others are quite irregular in outline (Plate XXIII, fig. 10). 
All of them have exaggerated papillae through which the zoospores es¬ 
cape on germination of the conidia. 

On several occasions the germination from beginning to its conclusion 
was watched. The following account is the result of observations of the 
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growth of the fungus in Van Tieghem cells. The first evidence of ger¬ 
mination seemed to be the disappearance of the vacuole and slight, 
hardly noticeable demarcations, as if the protoplasm were dividing, 
and then the whole contents of the cell began to move, going about in a 
circle. A space appeared between the moving ball and the wall of the 
conidium. In this space one could discern later wave-like motions as if 
cilia were moving. Definite bodies could be seen rounding up and occas¬ 
ionally one extended farther out than the others into the space next to 
the cell wall (Plate XXIII, fig. 17). The motion continued for more than 
one hour with short intervals of rest. Then suddenly the zoospores thus 
formed seemed to extricate themselves from each other and darted 
through the papilla-like projection into the outer liquid (Plate XXII, fig. 
7). This emptying process occupied only a few seconds. In no case were 
the zoospores seen to be liberated into a vescicle or bladder as mentioned 
and pictured by Rosenbaum for P. arecae (10). 

The zoospores are oval, elongated with a slight depression on one 
side. No cilia were visible except in the wave-like motion when the 
zoospores were moving. They soon settle and round up, germinating 
immediately by a thick germ tube with a diameter almost equal to that 
of the spore itself. 

Occasionally only part of the zoospores escape from the zoosporangium, 
the remaining ones germinating in the interior and sending out their 
germ tubes through the sporangial wall in different directions (Plate 
XXII, fig. 9). Under some conditions there seems to be little evidence of 
the rounding up of zoospores, but a number of germ tubes are pushed out 
through the papiUa end of the conidium (Plate XXII, fig. 8). At other 
times a conidium germinates by sending out a single germ tube, often 
with a single conidium forming at its end (Plate XXIII, figs. 7 and 21). 
This conidium may germinate by a germ tube which, in turn, forms an¬ 
other conidium at the tip, so that as many as four successive conidia have 
been observed to form and germinate in a series, the last one being in a 
young stage full of dense protoplasm. These conidia after they have 
germinated being somewhat rounded and intercalary, resemble chlamy- 
dospores. but they have a distinct papilla as well as the general shape of 
conidia when they are formed. 

chlamydospobbs 

Chlamydospores, asexual intercalary spores, are sparingly produced. 
Only during one summer did they seem to be produced in numbers. 
They are of the same general appearance when mature as conidia, with 
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dense, granular protoplasm with many oil globules and one or two 
vacuoles visible. ^Yhen old they become slightly yellow. On germination 
each produces a single germ tube, often with a conidium produced at the 
end of a short hypha (Plate XXIII, fig. 16). The chlamydo.spores are 
almost spherical in shape, ranging from 28 to 44 in diameter. The kind 
of media does not seem to be a factor on their production as they were 
found occasionally on all media used. 

OOSPOBES 

Oospores have been found fully developed on cultures eight days old 
during the colder weather. Rather longer time seems to be necessary 
when the mycelium is producing eonidia readily or when the temperature 
is higher. Under these conditions four weeks may elapse before the 
formation of oospores. At first they are about the color of the eonidia, 
with the same granular protoplasmic contents, but without the vacuole 
(Plato XXIII, figs. 3,4, 14). As they mature they become a deep yellow 
with a thick, rather smooth wall, which gives the appearance of having 
from two to three layers (Plate XXIII, figs. 2,6,8,11,13). At a st ill later 
stage the contents are often broken into larger particles. In general they 
are the same type of oospore as is found in P. phaseoh, with the anther- 
idial cell at the base. They are nearly spherical and measure from 24 to 
37.4 jj. in diameter with a wall 4.4 p. thick. 

The antheridium, in its first appearance, is a swollen portion of the 
filament and is ovoid in shape. In older cultures containing oospores 
the antheridium gives, almost without an exception, the appearance 
of being pushed up at the base as though the oogonium had penolrated 
it, but in its younger stage this is not the case, as it is well rounded at 
the base and shows no sign of pressure. In a majority of cases in tlus 
species, where the oogonium appoam to emerge from the antlieridium, 
the funnel-shaped base of the oogonium, noted by Pothybridge in his 
description of P. erythvoseptica, (0) is often lacking except in very young 
stages of its formation. In one ease where pressure was applied, the 
antheridium seemed to tear loose from the oospore as if it were wrapped 
around the stalk (Plate XXIII, figs. 19, 20). 

The oogonium and tho antheridium apparently come from different 
filaments. In one or two cases, however, branches that appeared to 
bear oogonia and antheridia in primordial stages, when traced back 
for some distance, were found to originate from the same filament but 
quite a distance apart (Plate XXIII, fig. 5). 
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Much difference of opinion has existed concerning the relation of the 
antheridium to the oogonium in this type of oospore. In P. erythro- 
septica Pothybridge (G) advanced the theory that the oogonial incept 
grew up and pierced the antheridium, growing through it and out on the 
other side where it appeared as a club-shaped structure and later as a 
spherical oogonium. This theory was borne out by Murphy (6) in 
morphological and cytological studies on the same species and this 
method of formation for P. erythroseptica became an established fact. 
A recent article by Tabor and Bunting (14) on a disease of cocoa and 
coffee fruits gives added weight to the above conclusions. They find 
that in mature oospores the separation of oospore from antheridium can 
be effected by pressure and the depression left indicates that the base 
of the oospore is within the antheridium. 

In the species under observation many instances give the appearance 
of the antheridium having been pierced by the oogonial stalk. This 
is especially noticeable in older cultui-es. The funnel-shaped appearance 
of the stalk being very apparent in the younger stages (Plate XXIII, 
fig. 4), but almost entirely disappearing as the oospores mature (Plate 
XXIIl, figs. 6, 8, 13). 

In the later stages of the development of the oospore the staUc may be 
observed from the top to the bottom of the antheridium to be of equal 
diameter. Sometimes it is even bulged in the center, and often is thiimer 
near the oospore than at the base. Sometimes even what appears to be a 
curve in the stalk may be seen opposite the middle of the antheridium. 
In material which contains primordial stages of the oogonium and anther¬ 
idium, it is not uncommon to see the twisting of one hyphal branch about 
another, or the swollen knobs with another branch growing closely 
along its side and curving over the tip, or the mycelium forked and grow¬ 
ing around another filament. Those conditions have led to the question 
as to whether the oogonial incept always pierces the antheridium in its 
formation in this species. Might it not sometimes be formed by some 
other method, namely, that suggested by Clinton (2) in his work on 
Phytophthora, that is, by the oogonial branch growing up along the 
side of the antheridium and forming at the top? Or might it not be 
formed by twisting about the oogonial stalk and anastomosing as is 
an occasional occurrence among threads of the mycelium? For this 
study Van Tieghem cells were used. A thin film of media was spread 
on flamed cover glasses, and the fungus transferred to this with a sterile 
platinum needle. Conditions did not seem to be right for full develop- 
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ment of oospores, however, hence most of the observations were made 
on ordinary slides from reproducing cultures. 

Many and varied experiments were used in an effort to germinate 
the oospores and in only a few cases did success attend the efforts. 
The oospore germinates with a thick germ tube with usually a swelling 
at the base as it emerges from the oospore. In the cases observed the 
oospore seemed to give rise to mycelium rather than a conidiophorc as 
pictured and described by Rosenbaum (11) for P. cactorum (Plate XXIII, 
fig. 9). 

CULTURAL STUDY 

In his work on oospore production Clinton (4) tried out many kinds 
of media in an effort to determine the most satisfactory one for the 
culture of the species of Phytophthora. After over a thousand cultures 
of the downy mildews of the potato and lima bean on various nutrients, 
ranging from potato plugs to synthetic media, he found that the lima 
bean agar produced the best results. 

When the cultural study of the species under consideration was 
begun the fungus was badly contaminated with bacteria, so the first 
task was to secure pure cultures. The medium first selected was the 
ordinary potato agar winch is used successfully for the growth of most 
saprophytic fungi. Ordinary transfers were made with the hope that 
the fungus would grow more rapidly than the bacteria and that pure 
cultures might be obtained by transfers from the extreme edges of the 
growth. This method failed, as the bacteria grew as rapidly as the 
mycelium and followed out each hyphal thread. Weak lactic acid was 
then used with success. Pure cultures having ])een secured, media of 
several kinds were used for experimentation; potato, oat, lima beau, 
and tomato agar were used with success. 

Oospores were produced in numbers on all media used, but on oat 
agar very few conidia were ever obtained. Two conditions wore notice¬ 
able in the production of oospores, namely, the temperaturo and ago of 
the mycelium. When fresh cultures were kept at a temperature of 8-10® 
C. they produced oospores in about eight days. They were more spar¬ 
ingly produced as the temperature was increased. Media made with 
no other ingredient than tomato juice and agar produced luxui'iant growth 
of the fungus even when the acid condition was great enough to soften 
the agar. Here, too, oospores were often produced in eight dayn. Under 
milder conditions of temperature (20® C. or more) six weeks might 
elapse before their production. 
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Van Tieghem cells were used freely in the cultural study of conidio- 
phores and the germination of conidia. Small portions of mycelium 
were transferred to cover glasses and the hanging drop culture method 
was used. Also flamed cover glasses were spread with a thin film of 
media and transfers made to those for the study of the oospore. What 
seemed to be primordial stages in the development of oospores appeared, 
but for some reason never developed well. This was probably due to 
the lack of proper amount of oxygen or to the fact that the agar in the 
cell was not of sufiicient depth to give the right conditions for develop¬ 
ment. 

A culture of P. parasitica received from Dr. W. S. Beach of Pennsyl¬ 
vania State College, and also one of P. terrestria received from Dr. C. 
D. Sherbakoff of Knoxville, Tennessee, were cultured for comparison. 
The macroscopic growth of the latter is quite different on all media, 
growing in tufts over the surface, while the one under consideration 
makes a smooth growth. The former gives somewhat the tufted appear¬ 
ance also, but is not as noticeably different in this respect. It, however, 
produces largely chlamydospores with but few conidia and no oospores 
were observed on any of the media used. 

Much work was done in an effort to germinate oospores. Van Tieghem 
ceils with hanging drops were first made of oospores of different ages, 
ranging from three months to a year old. These were subjected to 
varying degrees of temperature without obtaining germination. Tubes 
were then treated with very dilute acids and transfers made to Van 
Tieghem cells with like results. Peroxide solution was used in tubes, 
then removed and transfers made. The last two tests were made with 
the hope that if the oospore wall were softened or if given greater amount 
of oxygen, the spores would germinate. Then tubes with oospores were 
placed in the outdoor conditions, some with sterile water added and 
some without, and left for one, two, three, four and eight weeks. In 
tubes left out under these conditions for four or eight weeks and then 
sterile water placed in them, when warm spring weather came, some few 
oospores germinated, but none of the work on the oospore germination 
could be considered very successful. 

PROOF OP PATHOGENICITY 

That the organism is pathogenic in character is shown by its prompt 
action on plants inoculated with the fungus having abundant conidial 
growth. Large numbers of young tomato plants were inoculated by 
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spraying with sterile water containing conidia, and when these were 
left under a bell jar twenty-four hours and kept reasonably moist there¬ 
after they showefl a characteristic black wilt of all parts above the 
inoculation (Fig 1). In some cases small pieces of agar containing the 
fungus were placed m the axil of leaves. Each leaf, with all parts above, 
gave evidence of the effect in forty-eight hours. When the fungus was 
placed on the soil at the base of young plants, the plants dampened off 
at the suifaco of the soil. In cases where older stems were inoculated, a 
much longei time (three or four days) elapsed before signs of infection 
appeared. 



Fiq. 1. The effect on the tomato plant forty-eight hours after boing inooulated with 
Phytophihora mencana Eight, the control 

On the tomato fruit in two days a water-soaked region appeared 
around the point of inoculation and in a week’s time a rot had destroyed 
the entire fruit. The rotting in these instances did not show rings as in 
the disease of fruit caused by P. ferrestrio, but produced rather an even 
shriveling of the entire fruit by a white mycelial growth over the entire 
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surface. Cultures made from the center of the fruit produced luxuriant 
growth of the mycelium together with many conidia and oospores. 

IDENTIFICATION 

In comparing the fungus under consideration with known species of 
Phytophthora only those species need to be considered which have a 
similar position of the antheridia at the base of the oogonia. The follow¬ 
ing species show this relationship: P. phaseoli Thax., P. parasitica 
Dastur, P. colocasiae Racib., P. infestans (Mont.) de Bary, P. erythro- 
sepiica Pethyb., P. arecae Golem., P. cryptogea Pethyb., P. terrestria 
Sherb., P. alUi K. Swadii, P. melongenae K. Swadii, and P. capsid Leon. 
In making this comparison P. cryptogea and P. erythroseptica can be 
eliminated by the lack of conspicuous conidial papillae; P. colocasiae by 
its short, blunt papillae; P. infestans by the scanty production of oospores; 
P. arecae by the presence of a vesicle into which the zoospores are de¬ 
posited on the germination of the conidia; P. parasitica, P. terrestria, 
P. aim and P. melongonae by the smaller size of the oospores; P. capsid 
by the tuberous appearance produced on hard potato agar as well as the 
smaller sized oospores and the larger conidia; P. phaseoli by the smaller 
oospores, more variable conidia and conidiophores, as well as the fact 
that the oospores are not produced readily on an acid medium, while 
the one under consideration grows luxuriantly on media that is decidedly 
acid. Since the organism studied does not seem to be identical with 
any of the above forms, it has been described as foEows as a new species. 

Phytophthora mexicana hotson & hartge 

Mycelium irregularly branched, hyaline, non-septate when young, 
often septate and empty when old, sometimes short and knobby; conidio¬ 
phores at first simple and bearing a single apical conidium but eventuaEy 
becoming long and much branched; conidia terminal but not inhibiting 
the growth of the conidiophore, varying greatly in size, more or less 
inversely pear-shaped, 16-33 [jl by. 16-77 g., sometimes measuring twice 
as long as wide; papillae prominent, usually forming zoosporangia; 
zoospores ovoid, depressed slightly on one side, germinating immediately 
by germ tube; chlamydospores intercalary, sparingly produced, almost 
spherical 28-44 (x in diameter, yellowish when old, germinating by germ 
tube; oospores yellowish at maturity, nearly spherical, 24-37.4 p. in 
diameter; episporium 4.4 p. thick; antheridium terminal or lateral, 
somewhat spherical or ovoid, surrounding the base of the oogonium as 
if penetrated by it as in P. phaseoli Thaxter. 
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Hab. On the fruit Lycopersicum eaculentum Mill from Mexico. 

Mycelio ramoso irregulariter, hyalino, non-septato recentiore sed 
vetustiore multi-septato vacuatoquc, interdum brevi ct nodoso; coni- 
diophoris primo unicis et sustinentibus eonidium unum in apicc sed 
tandem longo ramosoque; conidiis terminalibus sine inhibitionis auctus 
conidiophorij variabili magnitudine, paene in forma inversi pyri, 16-33 (a 
X 16-77 (A, interdum longioribus duplo quam latioribus, papillis pro- 
minentibus, plerumque fonnatibus zoosporangia; zoosporis ovoidois, 
depressis paulum in uno latere, germinantibus statim hyphis; chlamydo- 
sporis intercalaribus sed paucis, paene sphaeroideis 28-44 [a diam., 
luteis vetustioribus germinantibus statim hyphis; oosporis luteis vetus- 
tioribus, sphaeroideis 24-37 (a diam.; episporis 4.4 [a densis; antheridiis 
terminalibus et lateralibus sphaeroideis aut ovoideis, circumambientibus 
bases oogoniorum quasi penetratis ab ois sic ut in P. phaseoli Thaxter. 

Hab. In fructibus Lycopersid exculenti MiU, Mexico, Amer. bor. 

SUMMABT 

1. A fungus isolated from tomatoes shipped from Mexico proved on 
cultural study to be a Phytophthora. The mycelium averages 4.4 p. in 
diam., the conidia measure 16—33 X 16-77 (a. The oospores arc large, 
the greater number of them measuring 37 p. Occasionally chlamydo- 
spores are produced. 

2. The sexual and asexual spores have been foimd on all media used. 

3. Inoculations of young and old tomato plants produced a black 
wilt. Inoculation of the fruit caused a destructive rot in a week’s time. 

4. The organism studied does not seem to be identical with any of the 
known species of Phytophthora, and the name Phytophthora mesdeana 
has been proposed. 

The authors of this paper are indebted to Dr. W. S. Beach, Dr. S. D. 
Sherbakoif and Dr. M. W. Gardiner for cultures of Phytophthora. 
UmvEBsiTT OP Washington, Seattle. 
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TOXICITY STUDIES WITH SOME COPPER FUNGICIDES 

W. L. D O E A N 

The object of the experiments here described is to compare the sus- 
copti])ility of several fungi to copper. 

In the experimenls described in the present paper the author has used 
the following fungicides: copper sulphate, neutral copper acetate, 
Burgundy mixture, Bordeaux mixture of various typos, cuprammonium 
sulphate and Johnson’s mixture. Spores of the following fungi were 
used as test objects: Gymnosporangium clavipes, Gynmoconia intei 
Uromyces caryophylUnus, Cronartium ribicola, Puccinia antiirhini, 
Alternaria solam, and Venturia inaequalia. 

In preparing the fungicides the following methods were used: The 
Bordeaux mixtures, in which a weighed amount of lime was used, were 
made by adding the stock solution of lime to the diluted copper sulphate. 
Neutral Bordeaux mixture was prepared by adding to a weak solution 
of copper sulphate, milk of lime until a mixture alkaline to phenolphthal- 
ein was obtained. Zucker’s Bordeaux mixture was made by adding 
saccharose to a wash containing copper sulphate and quick lime in the 
ratio 1:0.5 in amount equivalent to the copper sulphate taken. Perret’s 
Bordeaux mixture was made by adding to a wash containing copper 
sulphate and quick lime in ratio 1:0.6 an amount of molasses equivalent 
to the copper sulphate used. Burgundy mixture was prepared by combin¬ 
ing copper sulphate and sodium, carbonate crystals in the ratio 1:1.84. 
The wash was made by adding the stock solution of sodium carbonate to 
a weak solution of copper sulphate. Cuprammonium sulphate {eau 
celeste) was prepared by adding ammonium hydroxide to a solution of 
copper sulphate in sufficient quantity to give a clear solution. Johnson’s 
mixture was prepared according to the original formula, that is, copper 
sulphate and undecomposed ammonium carbonate were used in the 
ratio of 1:2. 

The toxicity tests were made following the method of Reddick and 
Wallace (7), which has been described in detail by Wallace, Blodgett 
and Hesler (9). It consists'essentially in the germination of fungous 
spores in drops of water on a glass surface which has been previously 
sprayed with the fungicide to be tested and dried. The spores were 
placed under optimum conditions for their germination. Clark (4) 
concluded that a fungus presents its greatest resistance to the action of 
fungicides when the temperature is at the optimum for spore peimiration. 
We cannot consider a fungicide toxic unless it is toxic under optimum 
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-conditions for spore germination. The writer found that when the tem¬ 
perature was near the minimum or maximum for germination of the 
spores some dilutions of fungicides were toxic that were not toxic ai 
-optimum temperatures. 

The results given in this paper are expressive of the point of inhibition 
of germination rather than of the death point of the spores. To deter¬ 
mine the death point, requires the transfer of the spores to a fresh culture 
free from the fungicide. This was considered unnecessary; for Clark 
(3) found that, if the germination of spores is inhibited by a fungicide^ 
they will in time be killed by it. 

The data given are in each case the mean of at least five experiments, 
exclusive of those in which the germination of the spores In the check 
showed poor viability which were disregarded as untrustworthy. 

In order that the copper fungicides may exert their toxicity, sufldcient 
water must be present to act as a solvent. When the spores of Alterna?'ia 
solani were placed in water on a slide sprayed the day before with a 1.0' 
per cent solution of copper acetate, the germination of the spores was 
prevented. But when the spores of Altemaria solani were placed dry on 
a dry slide sprayed the day before with the same concentration of copper 
acetate, spore germination was not prevented. They germinated as weE 
as on a dry slide in the absence of any fungicide. In the same way, it 
was found that a copper sulphate solution (0.125 per cent copper) which 
prevents the germination of the aeciospores of Oymnosporangium clanpes 
when the spores are placed in water upon the sprayed slide, does not pre¬ 
vent the germination of these spores when they are placed dry upon a 
dry slide which has previously been sprayed with the same concentration 
of copper sulphate solution. Although the lethal concentration of copper 
sulphate solution for Gymnosporangium clavipes is, in the presence of 
water, not more than 0.126 per cent copper, it was found that a solution 
containing 0.5 per cent copper did not prevent germinatidn of these 
spores when they were placed dry on the dried sprayed slide, so that the 
only available moisture was water vapor. Germination at this double 
concentration was, however, retarded. 

EXPERIMENTS WITH COPPER SULPHATE 

In table 1 are shown the results with copper sulphate. Rhizopus nigri¬ 
cans is eight times as susceptible to it as the most susceptible representa¬ 
tive of the Uredinales and sixty-four times as susceptible as the spores 
of the most resistant rust fungus tested. The indications aie that the 
Uredinales as a group are very resistant to the action of copper sulphate. 
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The urediniosporea of Cronartium riUcola are somewhat more resistant 
to the toxic action of coppefir sulphate than are the aeciospores of this 
fungus. It appears that, while a solution containing 0.5 per cent copper 
sulphate might protect Ribes against first infection from the pine, it 
would require a solution containing not less than 1.0 per cent copper 
sulphate to protect Ribes from infection from Ribes, that is, by uredinio- 
spores. It is doubtful if these concentrations of copper sulphate could 
safely be used on Ribes foliage. Butler (1) found copper sulphate solu¬ 
tion containing only 0.25 per cent copper sulphate toxic to the foliage 
of coleus, tomato, cauliflower, bean, oxalis and pelargonium. 

A study of table 1 shows that the susceptibility of any one fungus to 
copper sulphate solutions of various concentrations is by no means uni¬ 
form. The percentages of germination of all spores tested drop rapidly 
as the copper content increases up to 0.0039-0.0317 per cent. Beyond 
these concentrations of copper only the urediniospores and aeciospores 
of Cronartium Hhicola and the urediniospores of Uromyces caryophyllinus 
continue to germinate in considerable numbers. 

EXPERIMENTS WITH NEUTRAL COPPER ACETATE 

As shown in table 2, the fungous spores tested rank as follows in their 
resistance to neutral copper acetate. The most resistant are the uredinio¬ 
spores of Pucdnia antirrhini, and the urediniospores of Uromyces 
caryophyllinus] next comes Alternaria solani; while RMzopus nigricans 
and Botrytis cinerea are the least resistant. Again, the Uredinales appear 
to be markedly resistant to copper. 

TABLE 1 —Toxicity of copfer avlfhaie. 


Relative number of spores germinating 


Per ceni 
copper in 
solution 

R. nigncam 

G. clavii 69 

(?. znieratiii- 
alis 
Aecio¬ 
spores 

V. caryo- 
jhylhms 
Aecio¬ 
spores 

C. nJykola 

Uredinio- 

sporos 

C. ribwola 

Uredinio¬ 

spores 

0 0000 

100 

100 

100 

100 

100 

100 

0.0039 

6 


* 


f • 

ft • ^ 

0 0079 

0 

16 


69 

25 

t « 

0.0168 

0 

. , 

* 

29 

20 

ft ft 

0.0817 

0 

0 

6 

5 

20 

16 

0.0635 

0 i 

0 

0 

2 

7 

9 

0.127 

0 

0 

0 

1 

0 

3 

0.254 

0 

0 

0 

1 

0 

0 

0 
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TABLE 2 —Toxicity of neiUral copper acetoUe. 


Per cent cop¬ 
per m solution 

Helativc number of spores germinating 

P. anhrrhini 

U. caryo^ 
phylhrma 

A. solani 

I 

R. nigricans 

B. dnersa 

0 0000 

100 

100 

100 

100 

100 

0 0049 





0 

0 0099 



16 6 

0 

0 

0 0199 



11 

0 

0 

0 0398 

3 

3 

3 

0 

0 

0 0796 

2 

3 

0 

0 

0 

0.1692 

0 

0 

0 


0 

0.3186 

0 

0 

0 


0 

0.6370 


0 





EXPERIMENTS WITH BURGUNDY MIXTURE 

The fungous spores used in the experiments with Burgundy mixture 
show the following degree of resistance, the most resistant named first: 
urediniospores of Cronartium rihicola, urediniospores of Puccinia antirr- 
Mni; AUernaria solani, aeciospores of CronaHium rihicola, aeciospores of 
Gymnoconia interstitialis, and conidia of Venturia inaegualia. The results 
are given in table 3. 

Attention is here called to the extreme susceptibility to copper in 
Burgundy mixture of V. inaeqvaUs. That this is the normal behavior 
of this fungus against copper will appear subsequently. A Burgundy 
mixture containing only one-eighth pound of copper sulphate in fifty 
gallons entirely prevents germination of the conidia of this fungus. 

Biere, as in the case with copper sulphate, the urediniospores of C. 
rihicola are more resistant to the action of the fungicide than are the 
aeciospores of this fungus. A concentration of-Burgundy mixture suffi¬ 
cient to protect the host against uredinial infection by this fungus would 
probably be dangerous to the host plant. 

Of the representatives of the Uredinales studied, the aeciospores of 
G. interstitialis are the most susceptible to the copper in Burgundy mix¬ 
ture. This would perhaps make possible the control of orange rust of 
raspberries by spraying with Burgundy mixture if it were not for the 
perennial habit of the mycelium in the cane. 

Burgundy mixture shows up decidedly better against P. antirrhini 
than does Bordeaux mixture. Doran (5) has already shown that Bor¬ 
deaux mixture does not prevent the germination of the spores of this 
fungus even when 1.0 per cent copper is present. 
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TABLE 3 —Tovicity of burgundy rmxtvre 1:1^4. 


Eelative number of spores gei minuting 


Per cent 
copper in 
solution 

V. inae~ 
quahs 

A. snlani 

aha 

C. tibicola 
Aocio- 
bpores 

C, 7ib%cola 
Uredinio- 
hpores 

P, anhirlnni 

0.0000 

100 

100 

100 

100 

100 

100 

0.0079 

0 

, , 

. . • 

. 

■ ■ « 


0 0158 

0 

* 

. . • 

. 


. . . 

0 0317 

0 

62 

5 

, , 

, • 

■ • . 

0.0635 

0 

35 

0 

9 

79 

57 

0 1270 

0 

10 

0 

0 

35 

21 

0 2540 

0 

0 

0 

0 

11 

6 

0 5080 





0 

0 


TABLE 4 —Toxicity of Bordeaux mixture 1:1, 


Per cent copper 
in solution 

Eelative number of spores germinating 

A. aolani 

V. inaequalis 

G. clampes 

C. ribicola 

0.0000 

100 

100 

100 

100 

0.0038 


6 

• « « 

ft • fl 

0.0079 


2 

• • • 

ft ■ ft 

0.0158 

• • 

0 

• • • 

• « « 

0.0317 

81 

0 

• • • 

ft ft ft 

0.0636 

63 

0 

20 

29 

0.127 

14 

0 

19 

21 

0.254 

1 

0 

17 

10 

0.608 

0 

0 

7 

10 


TABLE 5 —Toxicity of Zucker's Bordeaux mixture to the cmidia of V. inaequalis. 


Per cent copper in 
solution 
0.0000 
0.0019 
0.0039 
0,0079 
0.0158 
0.0317 
0.0635 
0 127 
0.2.54 


Eelative number of spores germinating 

100 

4 

0 

0 

0 

0 

0 

0 

0 


















1923] 


Doran: Toxicity of Copper 


537 


EXPERIMENTS WITU BORDEAUX MIXTURE 1:1 

The results with Bordeaux mixture are summarized in table 4. Bor¬ 
deaux mixture is toxic to the spores of Alternana solani when 0.508 
per cent copper is present. It is toxic to the conidia of Venturia inaequalis 
when as little as 0.0079 per cent copper is present. It is not toxic to 
the aeciospores of Gymvosporangium clavipes nor to the urcdiuiospores 
of Cronartium nhicola when as much as 0.508 per cent copper is present. 

Of these four fungi, Venturia inaequalis is the most susceptible and 
Cronartium nhicola is the most resistant to the fungicidal action of 
Bordeaux mixture. It is evident that the dissemination of Cronartium 
rihicola from currant to currant cannot be prevented by spraying with 
Bordeaux mixture even when this is prepared to contain twice the usual 
amount of copper. Unit for unit of copper, Burgundy mixture is more 
toxic than is Bordeaux mixture to the urediniospores of C. nhicola. 

EXPERIMENTS WITH BORDEAUX MIXTURES 1:5 AND 1:3.3 

Tests were made of the toxicity to the conidia of Venturia inaequalis 
of the Bordeaux mixture described by Sanders and Brittain (8). Two 
Bordeaux mixtures were used, one made up at the rate of two pounds, 
and the other at the rate of three pounds of copper sulphate and ten 
pounds of lime in forty gallons of water. Bordeaux mixtures 1:5 and 
1:3.3 have a fungicidal efficiency against this fungus which is at least 
equal to that of ordinary Bordeaux mixture. 

EXPERIMENTS WITH ZUCKER’S BORDEAUX MIXTURE 

In table 6 are given the results of the tests of the toxicity of Zucker’s 
sugar-Bordeaux mixture to the conidia of Venturia inaequalis. The 
mixture is toxic to these spores when as little as 0.0039 per cent copper 
is present. Therefore, the toxicity of Bordeaux mixture 1:0.5 to the 
conidia of V. inaequalis is increased four times by the addition of sugar. 


TABLE 6 —Toxicity of Ferret’s Bordeaux 
Per cent copper in 
solution 
0.0000 
0.0019 
0.0039 
0.0079 
0.0158 
0.0317 
0 0635 
0 127 
0 254 


mixture to the conidia of V. inaequalis. 
Relative number of spores geminating 

100 

5 

1 

0 

0 

0 

0 

0 

0 
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TABLE 7 —Toxicity of cuprammonium sulphate. 


Per cent copper in 
solution 

Relative number of spores germinating 

C. ribicola 

U. caryophyllinus 

li. cinerea 

0.0000 

100 

100 

100 

0 0079 

, * 

. « . 

. . . 

0.0158 

* • « 

75 

0 

0.0317 


56 

0 

0.0636 

6 

36 

0 

0.1270 

0 

32 

0 

0.2540 

0 

10 

0 


EXPERIMENTS WITH PeBRET’S BORDEAUX MIXTURE 

The results of the tests of the toxicity of Ferret’s Bordeaux mixture to 
the conidia of Venturia inaequalia are shown in table 6. It is twice as 
toxic to these spores as is Bordeaux mixture 1:1, being intermediate in 
this respect between Bordeaux mixture 1:1 and Zucker’s Bordeaux mix¬ 
ture. 


EXPERIMENTS WITH CUPRAMMONIUM SULPHATE 

The results of the toxicity tests with cuprammonium sulphate are 
shown in table 7. Boirytis dnerea is most susceptible to this fungicide, 
the germination of its spores being prevented when as little as 0.0079 
per cent copper is present. The germination of the aeciospores of Cronar- 
tium ribicola is prevented by cuprammonium sulphate containing 0.127 
per cent copper. This strength would possibly be toxic to the foliage of 
the currant, for Butler (1) found cuprammonium sulphate of this con¬ 
centration to be toxic to coleus and bean. The germination of the uredi- 
niospores of (Jromyces caryophyllinus is not prevented even when 0.254 
per cent copper is present, and the use of cuprammonium sulphate for 
the control of carnation rust is evidently out of the question. 

When cuprammonium sulphate dries on a sprayed surface there is 
deposited, according to Butler (1) a basic sulphate of copper and mixed 
with it there is a little ammonium sulphate in the ratio of 1:0.36. 

What part, if any, of the toxicity of cuprammonium sulphate is due to 
the above mentioned ammonium sulphate was next determined. Solu¬ 
tions of ammonium sulphate containing from 0.0312 to 2.0 per cent of 
the salt were found to be non-toxic to the spores of BotryUs cinerea. 
Solutions of these concentrations did not prevent germination of the 
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urediniospores of Uromyces caryophylUnus, although the most concen¬ 
trated reduced their germination 40 per cent. Evidently ammonium 
sulphate is not itself alone, toxic at the strength at which it is found in 
cuprammonium sulphate. 

• TABLE 8 —ToxKyUy of Johnson’s mixture. 


Per cent copper 
m solution 

Relative number of spores germmating 

P. antiirhiTii 

U. raryophylhnus 

C. rtbicdla 
urediniospores 

C. ribicola 
aeciospores 

0 0000 

100 

100 

100 

100 

0 0317 



• • 

6 

0 0635 

45 

g 

4 

0 

0 1270 

9 

3 

0 

0 

0 2540 

0 

0 

0 

0 


EXPERIMENTS WITH JOHNSON'S MIXTURE 


As is shown in table 8, the fungous spores tested rank as follows as 
regards ther resistance to Johnson’s mixture (6), the most resistant 
being named first; urediniospores of Puccinia antirrhini, urediniospores 
of Uromyces caryophylUnus, urediniospores of Cronart'um riMcola, and 
aeciospores of (7. rihicola. The good showing made by Johnson’s mixture 
may be due in. part to the ammonium sulphate present. Butler (1) 
found that the presence of ammonium sulphate increases the toxicity of 
a copper wash to Plasmopara viticola. 

RELATIVE SUSCEPTIBILITY OP PUNGI TO COPPER 

We are now in a position to determine how some of the pathogenic 
fungi compare in susceptibility to copper fungicides. Clark (3) did 
pioneer work along this line; and of the fungi with which he worked those 
found to be most resistant to copper sulphate were the molds Aspergillus, 
Sterigmatocystis, Botrytis, and Penicillium. Toward the fungicides with 
which Clark (2) worked, the fungi studied proved increasingly resistant 
m the following order: Botrjrtis, Oedocephalum, Penicillium and Asper¬ 
gillus. 

The results obtained by the writer are sufficient to make possible a 
comparison of the susceptibility to copper fungicides of aeciospores and 
urediniospores of Uredinales. These are summarized in table 9, a study 
of which shows that the average lethal concentration in per cent copper 
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for aeciospores is 0.0834 and for urediniospores it is 0.2746. In other 
words, it requires 3.2 times as much copper to prevent the germination 
of urediniospores as it does to prevent the germination of aeciospores. 
It is probable that no disease of plants dependent upon urediniospores 
for its dissemination can be successfully combatted the use of copper 
fungicides, since sufficient copper to check the fungus would also"injure 
the host plant. 

The average lethal concentration for aU spores of Uredinales was 
0.179 per cent copper as compared with a lethal concentration of 0.088 
per cent copper for all other spores. The spores of Uredinales are twice 
as resistant to copper as the spores of other fungi. 

The order of resistance to copper fungicides is as follows with copper 
sulphate: urediniospores of C. ribicola, aeciospores of C. nhicola, uredinio¬ 
spores of U. caryophyllinus, aeciospores of C. ribicola, aeciospores of 
G. interstitialis, aeciospores of G. clanpes, spores of R. nigricans] with 
Bordeaux mixture: urediniospores of C. ribicola, aeciospores of G. clavipes, 
spores of A. solani, conidia of V. inaegualis; with copper acetate: uredi¬ 
niospores of P. antirrhini, (equal to) urediniospores of G. caryophyllinus, 
spores of A. solani, R. nigricans, B. cinerea] with cuprammonium sulphate: 
urediniospores of U. caryophyllinus, aeciospores of C. ribicola, uredinio- 


TABLE 9 —Susceptibility of aeciospores and urediniospores to copper. 




Lethal concentration 

Fungus 

Fungicide 

Aeciospores 

Urediniospores 



Per cent copper 

Per cent copper 

G. claoipes 

Copper sulphate 

0.0317 


0. irUersHtialis 

Copper sulphate 

0 0635 


U. caryophyllinus 

Copper sulphate 

. 

0.2540 

C. ribicola 

Copper sulphate 

0.1270 

0.2540 

U. caryophyllinus 

Copper carbonate 

. 

1.1480 

P. aniirrhini 

Copper acetate 

• * « « « 

0 1502 

U, caryophyllinus 

Copper acetate 

« 4 ■ * 

0.1592 

0. interstitialis 

Burgundy noixture 

0.0570 


C, ribicola 

Burgvmdy noixture 

0.1140 

0.4680 

P, anMrrMni 

Burgundy mixture 


0.4680 

P. antirrhini 

Johnson’s mixture 

« V • » V 

0.2540 

C. ribieda 

Johnson’s mixture 

0 0635 

0.1270 

U, caryophylUrvus 

Johnson’s mixture 


0.2640 

C. ribicola 

Cuprammonium sulphate 

0.1270 


U. caryophyllinus 

Cuprammonium sulphate 

• f # » k * 

0.6000 
















1923] 


Doran: Toxicity op Copper 


541 


spores of P. anlirrhini, spores of B. d,nerea’, with Johnson’s mixture: 
urediniospores of U. caryophyllinm, (equal to) urediniospores of P. 
anlirrhini, urediniospores of C. rihicola, aeciospores of C. riMcola. 

The average amount of copper necessary to prevent germination of 
the conidia of V. inaequalis is 0.0145 per cent as compared with an average 
of 0.133 per cent for all other spores. The apple scab fungus is about 
nine times as sensitive to copper as the average of the other spores tested. 

SUMMARY 

The Uredinales are twice as resistant to the toxic action of copper as 
are other fungi. Urediniospores of these fungi are three times as resistant 
to copper as are aeciospores. Spraying with copper fungicides for the 
prevention of infection by urediniospores is probably impracticable. 
The indications are that Johnson’s mixture will succeed against uredinio- 
spores if any copper fungicide will. 

The conidia of V. inaequalis are extremely susceptible to copper in 
any form, being nine times as sensitive to it as the average of all other 
spores studied. 

Bordeaux mixtures of the 2-10-40 and 3-10-40 formulae were not 
found to diifer from Bordeaux mixture of the 4-4-50 formula in toxicity 
to the conidia of Venturia inaequalis. 

By the addition of sugar, at the rate of 4 pounds in 50 gallons of 4-2-50 
Bordeaux mixture, the toxicity of the wash to the conidia of Venturia 
inaequalis is increased four times. 

Bordeaux mixture of Ferret’s formula, prepared by the addition of 
molasses, is twice as toxic as is ordinary Bordeaux mixture to the conidia 
of Venturia inaequalis, 

Aeciospores of G. clavipes are so resistant to the copper in Bordeaux 
mixture that sprajing the conifer host of this, and presumably other 
Gsmnosporangiums, with this fungicide would prove of doubtful value. 

Burgundy mixture surpasses Bordeaux mixture in its toxicity to the 
spores of A. solani. 

New Hampshire Agricultural Experiment Station, 

Durham, New Hampshire. 
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THE PRODUCTION BY FUBARIUM BOLANI OF A TOXIC 

EXC'RETOEY vSUBSTANCE CAPABLE OF CAUBINC WILT¬ 
ING IN PLANTS 

T. Fahmy^ 

Many plants, such as cotton, potatoes, banana trees, cannalions and 
othei's arc liable to be attacked by Fusarium. The parasite seems to 
gain entrance through the root system, developing mainly in the vas¬ 
cular tissue. 

Accordiirg to some authors® the fungal hyphae arc supposed to cause 
a mechanical plugging of the vessels, and bring about the wilting of 
the host plant by cutting otf its water supply; or as MacMillan* puts it; 
“That the fungus has created a physiological drouth which has extended 
over a long period.” 

Butler^ states that in the case of pigeon pea wilt caused by Fusarium 
udum: “Though the water supply to the roots may be ample, its pas¬ 
sage to the green parts is impeded by the choking of the vessels; this 
may bo sufficient to produce the same effect as severe drought, but it 
is possible that poisonous substances excreted by the fungus may also 
play an important part.” 

It has also been stated, in the case of F. cuhemie, causing banana 
wilt,* that the fungus tissue in the vessels is not present in quantity 
sufficient to cause serious obstruction to the passage of water. 

It appears that the blocking by the fungus of the vascular tissue of 
the host to any serious extent is doubtful; and the presence of some 
factor other than the “mechanical plugging” is highly probable. This 
factor, responsible for the wilting, may be in the nature of diffusible 
sulstances injuring the living plant, and causing it to wilt. vSuch sub¬ 
stances may bo enzymes or other excretory products produced liy the 
fungus during its growth in the plant. 

^ The work hero published was done ia 1920 at the Imperial CoUogo of Science, 
Luudou. 

*Masse(', G. Diseases of cultivated plants and trees pp. 4W-4d6. E<lilion 1016. 

* MacMillan, H G. Fusarium blight of potatoes under irrigation. Jour. Agric. 
Research. 16; 279-304. 1919. 

* Butler, E. J, Fungi and diseases in plants, p. 247. Edition 1918. 

* Brandcs, E. W. Banana wilt. Phytopathology 9 : 339-390 1919. 
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The object of the prebent invcbtigation was to find out whether or not; 

(1) —Fusarium, bueh as F man urn solani, producob toxic bu])btaneeh 
capable of causing wilting in plants. 

(2) —These substances, if present, are of enzymic nature. 

THE FUNGUS 

A slant of potato agar^ was inoculated with F. i!,ola)ii from a stock 
culture.® This slant was then incubated at 25° C. for 24 days after 
which it was examined and had the following characters. 

Fusiform macroconidia and globose cMamydospores present, of the 
following measurements:— 

0—Septate (8-10) X (1-5)^ 

1 — Septate (lS-24) X (6-G)V 

2 — Septate (26-28) X (6-6.5) m 

3— Septate (28-36) X (6.6-7.6) n 

4— Septate (40-47) X (6.7-8) i* 
very few 

Ghlamydosporos 6 X 8 j* 

The aerial mycelium, well developed, olive white in color, substratum 
buff rather than olive. 

A dilute spore suspension was made in sterile water, and a drop of 
this was placed in the centre of a sterile petri-dish, by lifting its cover 
just enough to permit the drop to be deposited, the petri-dish was then 
inverted and the drop examined under the microscope with the % 
objective. Nine spores were found present in this drop; melted agar 
at 40’ C. was poured into tho petri dibh, and incubated at 25° 0, for 
three days, after which it was examined. Nine centres of growth 
were apparent to the naked eye; one of these was transplanted on 
to a sterilo petri-dish containing sterile potato agar, and incubated 
at 26° C. for 24 days, When examined it was found to bo similar in all 
its characters to the former culture. 

In this way a pure culture of F. solani raised from a single spore was 
obtained, one strain only being present. 


1 Tho potato agar was prepared in the following way:—a)—100 gnus*, of peeled pota¬ 
toes were steamed for an. hour with a little water, then pa'Med though cheese cloth, 
b)—16 grms. of agar in 600 ocs. of water were cooked at 110® for 30 minutes; to this 
the potato ’w as added and the whole made up to 1 litre, well mixed, tubed and storilizod 
by intennittent heat, to prevent the potato from darkening. 

* The original culture was obtained from Dr. Horne 
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THE EXPERIMENT 

The media. The first thing required was a liquid medium on which 
the fungus could grow freely, and when in a pure sterile state would 
not bring about wilting of stems, such as those of broad bean plants, 
placed in it. 

Turnip juice medium. Turnip juice was first tried as medium: 400 
grams of white peeled turnips were cut up into small pieces, placed in 
a flask, plugged, and, without the addition of any water steamed for 
two hours and a haK; the juice was then extracted without the ad¬ 
dition of any water, and 240 ccs. of pure turnip juice were obtained. 
Solutions were made up containing the following percentage of the 
pure turnip juice:—24 per cent, 20 per cent, 15 per cent, 12J^ per 
cent, and 5 per cent. All were autoclaved for 20 minutes at 120® C. 

The fungus grew well on all these solutions, but when stems of broad 
bean four weeks old were placed in the different solutions of tho turnip 
juice, wilting occurred within a few hours in the two stronger solutions, 
namely the 24 per cent and the 20 per cent. The wilting of the bean 
stems occurred earlier and was more pronounced than that of similar 
bean stems placed in the filtrate of a culture of the fungus after two 
weeks jgi'owth. For this reason the turnip juice as a medium was aban¬ 
doned. 

Richard’s solution. The next medium to be tried was Richards Solu¬ 


tion, the composition of which is:— 

Potassium Nitrate (KNOj). 10 grms. 

Potassium Hydrogen phosphate (KHaPO*) . 5 grms. 

Magnesium sulphate (MgSOd . 2.5 grms. 

Iron Chloride (FeCU). 20 mgrms 

Cane Sugar (CuHaaOu).60 grms. 

Distilled water .. 1,000 cc. 


These quantities were dissolved and autoclaved. 

The fungus grew very well on this medium, in fact much bettor than 
it did on turnip juice medium, but the pure sterile Richards' solution 
produced wilting of broad bean within 5-6 hours. To avoid this effect 
the medium was diluted and it was found that by using 1,500 cc. of water 
instead of the original 1,000 cc., as given in Eyres’ bacteriological 
technique, wilting was entirely avoided; in fact broad beans placed in 
such a medium remained fresh for 15 days and even showed marked 
growth. The fungus grew equally well on this dilute medium, which, 
being the most satisfactory, was chosen to grow the fungus for this 
investigation. 
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Growing the fungus. A number of 500 cc. conical flasks, each con¬ 
taining 200 cc. of Richards^ solution were autoclaved for 20 minutes 
at 120° C. When cold they were inoculated with the mycelium of the 
fungus grown on potato agar,^ and incubated at 25° C. A week later 
an equal number of similar flasks was inoculated and incubated at 
the same temperature, and still a week later the operation was repealed. 
After a period of three weeks from the first lot of inoculations, the flasks 
were taken out of the incubator and each lot separately filtered under 
sterile conditions. In this way the filtrates obtained were of cultures 
one week, tv o weeks and three weeks old. 

In each ca-^e ihe filtrate was divided into two portions; one was boiled 
for a few sci'ondb, and when cold, sterile air was passed through it to 
replace that which was lost during the boiling. The other part was 
left uni oiled. 1 he object of the boiling was to destroy any thermolabile 
substances such as enzymes which may have been present, leaving 
only those w’hich are thermostable. 

Solutions of half concentration were made from the boiled and un¬ 
boiled filtrate by diluting them with distilled water. 

A number of test tubes were filled equally with the different solutions, 
others with distilled water, and others with sterile Richards’ solution— 
the two latter types to serve as controls. In each of these tubes a st em of 
broad beans was inserted. Besides the water and Richards’ solution 
used as control, bean stems were inserted in empty test lubes. In all 
cases the bean stems were plugged round with cotton wool. 

The broad beans used were grown for three weeks in the greenhouse 
after being germinated, when used they were 5 inches long and had 
three pairs of well developed loaves. 

The’ different test tubes with the bean stems were placed in the green¬ 
house at about 11 a. m. in the morning. The temperature during the 
months of April and May—during which time the experiment was 
repeated six times with the same result—was between 60® and 70° F. 

The time required for the first signs of wilting to be apparent differod 
slightly with the temperature of the greenhouse. 

The following are the maximum and minimum time required for 
broad bean stems to wilt in the different filtrates:— 


Filtrate 1 week old 2 weeks old 3 weeks old 

Boiled Filtrate.20-24 hours 4- 6 hours 2-4 hours 

Unboiled Filtrate.20-30 4-8 “ ^-4 “ 


Boiled Fte. strength. 40-48 “ 6-10 “ 4-6 “ 

Unboiled Fte. strength 40-60 6-10 “ 4-6 “ 

‘ The fungus was grown from the single spore culture obtained on potato agar plates. 
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Controls 

Pure Richards’ solution 12-15 days 
Distilled water solution 3- 7 days 
Air. 1-3 hours 

Though the effect of the boiled and unboiled filtrate appeared at 
about the same time, the bean stems in the unboiled showed the first 
signs of blackening at the cut end, while often the very earliest signs 
of wilting appeared in the boiled filtrate. Wilting due to the filtrate, 
whether boiled or unboiled, appeared first in the two lower leaves, the 
upper ones remaining apparently fresh, though for a short time only; 
they soon wilted in a similar manner. The bean stems in the empty 
test tubes collapsed, wilting uniformly in all the leaves. If, however, 
these were placed in water even after very marked wilting, they recovered, 
while those in filtrates never recovered after such treatment. 

The filtrate. The filtrate was a clear liquid varying from light to 
darker shades of amber according to the age of the culture. It had 
no disagreeable smell and was distinctly alkaline in reaction. When 
boiled with soda lime, free ammonia was given off. 

The following are the average results obtained when the filtrate was 
titrated with HCl using sodium alizarine sulphate as indicator:— 

Filtrate of culture 1 week old: 20 cc. = 3 cc. of HCl or an alkalinity of —16 

(Fuller’s)‘ 

The -16 for example means that exactly 15 cubic centimeters of normal acid N /1 
must be added to a litre of the substance to render it neutral to the indicator used, 
and correspondingly + 24 means that the substance is acid and that 24 cubic centimeters 
of normal alkali N/1 would be needed to be added to the litre to bring it to the neutral 
point. 

Filtrate of culture 2 weeks old: 20 cc. = 12 cc. -xV HCl 

or an alkalinity of - CO 

Filtrate of culture 3 weeks old; 20 cc. = 16 cc. HCl 

or an alkalinity of ~ 80 

The Richards’ solution had, in the pure sterile state, an acid reaction: 

20 CO. of Richards’ solution «» 4.8 cc. yo NaOH or an acidity of + 24. 

From this it can be easily seen that the growth of the fungus rendered 
the medium alkaline, the degree of which increased with the age of the 
culture, as follows:— 

Alkalinity due to one week’s growth: 24 + 16 or 39 

“ “ two “ *' 24 + 60 or 84 

" “ three “ “ 24 + 80 or 104 

^ The plus and minus on Fuller’s scale denote respectively acidity and alkalinity of 

the substance. 
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The effect of the alkalinity of the filtrate on wilting. It was desirable to 
find out whether the alkalinity of the filtrate was the cause of the wilting. 

Solutions of -15, — 60 and - 80 NaOH and NH4OH (spec. gr. .88) 
were made up and compared with the filtrates of cultures one week, 
two weeks and three weeks old respectively as to their wilting power on 
broad beans. 

The results were as follows:— 

Solution Time for the first signs of 

wilting to apj)ear 


-15 NaOH. 

5.5 

days 

-NH 4 OH . 

Filtrate of culture 1 week old having alka- 

5 

It 

Unity of —15. 

18.5 

hours 

- 60 NaOH. 

4.5 

(lays 

- 6 ONH 4 OH. 

Filtrate of culture 2 weeks old having alka¬ 

4 


linity of —60. 

4 5 

hours 

-80 NaOH. 

3 

days 

-80 NH 4 OH . 

Filtrate of culture 3 weeks old having alka¬ 

3 

11 

linity of —80. 

2.6 

hours 


The wilting in the different alkaline solutions, namely the NaOH and 
NHiOH, was uniform in all the leaves when it became apparent. The 
out ends of the bean stems were black in colour in the stronger solutions: 
namely the - 60 and the - 80 NaOH and NH4OH at the time when the 
wilting became apparent. 

It was obvious from the preceding experiment that the alkalinity of 
the filtrate was not responsible for the wilting produced; moreover 
when filtrates of cultures from one to three weeks old were either neutral¬ 
ized or rendered acid to the same degree as the original medium, namely 
the -f 24, wilting occurred as in the untreated filtrate. Therefore it 
can be said that though an alkaline reaction develops progressively 
with the age of the culture, this reaction is not directly responsible for 
the wilting of the bean stems. 

Volatile substances infiltrate. Known amounts of filtrates of different 
ages were placed in an oven at 100® C. for an hour to allow any volatile 
substance present in the filtrate to escape. “When cooled down to the 
same temperature as the unheated, distilled water was added to replace 
that which was lost due to the heating. These were compared with 
the unheated filtrate of the same age, but showed no loss of their wilt¬ 
ing power. It can be said that the factor responsible for the wfiting"^ is 
not a volatile substance. 












1923] 


Fahmy: Fusabium Solani 


549 


An oxalate present in the filtrate. Filtrates of three weeks old cultures 
were tested for an oxalate by the following methods:— 

1 ) —A portion of the filtrate was heated with concentrated sulphuric 
acid, COp was given off and its presence was detected by its action on 
lime water. 

2 ) —Also, a portion of the filtrate was neutralized and a solution of 
calcium chloride was added to it; a white precipitate of calcium oxalate 
was formed which was soluble in dilute hydrochloric and nitric acids 
but insoluble in acetic acid. 

3 ) —Also an acid solution of potassium permanganate was added drop 
by drop to a portion of the filtrate; the colour of the permanganate was 
discharged, owing to the reduction by the oxalic acid. It is clear that 
an oxalate is present in the filtrate. 

Estimation of the add radical CiOi in the filtrate of a three weeks old 
culture: To 50 cc. of the filtrate, a solution of CaCh was added, and 
the precipitate formed was dissolved in dilute HCl and made up to 50 cc. 

When titrated with KMnOj it gave the following average result:— 

20 CO. (^fl) of filtrate = 4.5 cc. (-1^) KMnO* 

1 cc. C 2 O 4 “ = 1 cc. C-^) IvMn 04 

1 CO. C-^) C 2 O 4 contains ^ .0044 grm. of Ca 04 , i. e., 4.5 cc. 

2 X 10 X 1000 

(■^) K M n O 4 = .0044 X 4.5 or .0198 grm. of Cj 04 or 20 cc. of filtrate contains 
.0198 grm. oiCs04; percentage is .099 of Ca 04 in filtrate. 

The wilting power of different solutions of CtOt. Solution of (NH 4 ) 
Ca04 containing .099 per cent CsOt or of a strength of CiOt 
in a litre of distilled water; this solution failed to produce wilting 
when freshly cut bean stems were placed in it. Even after three days 
the bean stems were still fresh and healthy. 

Similarly a solution of (NH 4)2 Ca04 was tried but did not produce 
wilting except after three days, while a solution of ^ produced wilting 
in three hours. In the f solution 4.4 per cent of Cs04 was present; 
while the filtrate of a three weeks old culture, which produced wilting 
in about the same time as the ^ solution, contained only .099 per cent 
of C2O4. 

Though the wilting in both was similar in appearance, it cannot be 
said that the oxalate present in the filtrate is directly responsible for 
the wilting. 
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CONCLUSIONS 

(1) Fu&arium Solani, when grown niider artificial conditions, produces 
a toxic diffusible substance which iaereases in concentration with the 
age of the culture. This toxic substance produces a rapid wilting of 
cut bean stems when these arc placed in the filtrate of the fungus. 

(2) The culture becomes alkaline due to the growth of the fungus. 
The degree of alkalinity increases with the age of the culture; this alka¬ 
linity, however, does not seem responsible for the wilting. 

(3) Ammonia and oxalate are produced by the fungus during its 
growth, but neither is present in sufl&cient quantity to explain the 
toxic action of the solution. 

(4) The unknown substance responsible for the wilting is thermostable 
and non-volatile. 

Since the above was written, a paper by Mr. Royal J. Haskcl on 
“Fusarium wilt of potato in Hudson River Valley, New York,” has 
come to my notice (Phytopathology 9 : 223-260, 1919). 

This writer describes certain experiments, which lead him to the 
conclusion that the wilting effect is not due to mechanical stoppage 
of the water-conducting vessels, but can be explained partly by the 
introduction of toxic substances into the transpiration current. His 
experiments suggest that these toxic substances may arise as decomposi¬ 
tion products of the host tissue, as well as perhaps by actual secretion 
on the part of the fungus. 



AN EFFECTIYE METHOD OF INOCULATING BARLEY WITH’ 

COVERED SMUT 

W. H. Tisdale^ 

The uncertainty of infection of barley by covered smut, Ustilago 
hordd (Pers.) Kell, and Sw., when the seed is smutted artificially has 
caused considerable concern among those investigating varietal resistance 
of barleys to this disease. Jensen^ recognized this difficulty of infection 
in oats and barley as early as 1877 while attempting inoculations in 
his study of the specific differences between the smuts of these grains. 
He made the following statement: 

“Since we have seen that spores simply adhering to the exterior of 
the grain do not to any appreciable extent cause infection of the crop 
it follows that this must take place by means of those spores which 
succeed in entering the space between the ‘cosh’ or husk and the kernel.’* 

Jensen believed that infection in oats and barley came from spores 
which had lodged between the glumes at flowering time. The specific 
difference of the smuts of these grains, however, had not been deter¬ 
mined definitely at that time and some doubt remained as to which 
of the two smuts of barley Jensen was using. In 1887, he removed the 
hulls (glumes) from some oat seed and dusted oat smut spores on the 
seed before sowing. Of the 33 heads produced, four were smutty, 
while no smut occurred either in plants from seed inoculated with the 
hulls on or from hulled or dehuUed seed uninoculated.^ In 1888, in a 
more comprehensive experiment, Jensen found that oat seed, when 
dehuUed and inoculated, produced 21 per cent of smutty heads, while 
dehulled seed, uninooulated, produced smut-free plants. DehuUed and 
inoculated barley seed produced plants with 27 per cent of smutty heads, 
whale plants from dehuUed seed uninooulated were smut-free. He 
dipped oat seed in spore-charged water and the plants grown from this 
seed produced 29 per cent of smutted heads, while seed dusted with 
spores produced smui-free plants. It is not known which smut of oats 
Jensen used in his oat experiments. 

It is generaUy reported that naked (huU-less) barley and oats show 
more smut than do the varieties with the glumes closely adhering to the 

1 The writer is indebted to Mr. J. W. Taylor of the Office of Cereal Investigations, 
who furnished seed for these mvestigations. 

> Jensen, J. L. The propagation and prevenUon of smut in oats and barley. Jour. 
Roy. Agric. Soe. 24: 397-416. 1888. 

* In this paper, "hulled seeds" are those in the natural state, with the hulls present; 
"dehxilled seeds" are those with the huUs removed. 
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seed. Ill view of tliis fact and the results obtained by Jensen an attempt 
was made to determine by experiment the importance of the glumes in 
preventing infection by spores dusted on the hulled seed. In January, 
1921, seed of a number of varieties of barley was sown in the greenhouse 
after dusting thoroughly with spores of covered smut. The resulting 
plants were free of smut. On November 1, 1921, seed of Tennessee 
Winter barley from a field practically free from covered smut was 
dehuUed and inoculated and sown along with hulled seed which was 
similarly inoculated. The hulls were removed by breaking the basal or 
rachis end of the glumes from over the embryo and removing the re¬ 
maining parts with a knife or scalpel. The results of this experiment 
are shown in table 1. 

TABLE 1— Infection, by covered smut, of Tennessee bailey qiown fwin hullfd 

and dehuLled seed which was dusted with smui spans and sonti in tfu yreenhousi 
at Arlington Expei imcnt Farm, Rosslipi, Va , on Nov 1, 1931. 


Treatment 

Number of 
heads 

y mill ted 
heads 

Per cent 
smutted 

Dehulled seed; inoculated 

461 

392 

86 03 

nulled seed; inoculated 

403 

16 

3 97 

Hulled seed; uninoculated 
Hulled seed; covered with 

367 

1 

28 

soil mixed with smut spores 

376 

10 

2 66 


The data in table 1 show that removing the hulls was very effective 
in producing infection in this particular case. Covering the hulled 
seed after sowing with soil heavily charged with spores had about the 
same effect as dusting the spores on the hulled seed. 

In the fall of 1922, seed of 12 varieties of barley was sown in the green¬ 
house in a similar experiment. The seed was taken from the 1922 crop 
grown on Arlington Experiment Farm and some of it was known to be 
infested with covered smut. This smutted seed was used in order that 
natural inoculation might bo compared with artificial inoculation. The 
results are shown in table 2. 

The data in table 2 show that barley is much more subject to infection 
by covered smut if the hulls are removed before the seed is inoculated. 
There are some indications that varieties differ in their susceptibility 
to this smut. Nakano Wase failed to become smutted under any condi¬ 
tion. Tennessee Winter grown from seed dehulled and uninoculated 
showed slightly more infection than plants from hulled seed which 
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TABLE 2 —hijechon of 12 vayietich of barley by covered smut after the seed was i/to- 
iulaled in vaiious xcay'i and sown in the gieenhouse ai Arhnqton 
Expei'iment Farm, Rosslyn, To., onOctober ^1,1922 


Variety 

C. 1. 
No. 

Treatment 

Number of 
plants 

Per cent 
smutted 
plants 

Number 

of 

heads 

Per cent 
smutted 
heads 

Alaska 

634 

HxiUed, unmoculated 

27 

18 52 

173 

10 98 



Dehulled, moculated 

29 

62 07 

115 

61 74 



Hulled; moculated 

25 

12 00 

166 

13 46 

Cai touch 

1107 

Hulled; unmoculated 

22 

0 

149 

0 



Dehulled; inoculated 

14 

85 71 

77 

74 02 



Hulled; moculated 

22 

4 54 

129 

77 

Cusado 

895 

Hulled; unmoculated 

27 

11 11 

121 

14 06 



Dehulled; moculated 

26 

57 69 

141 

46 80 



HuUed, inoculated 

29 

3 45 

128 

2 34 

# 

Greece 

221 

Hulled; uninoculated 

31 

0 

125 

0 



Dehulled; moculated 

24 

79 16 

90 

66 66 



Hulled; moculated 

27 

3 70 

126 

1.58 

Han River 

200 

Hulled; uninoculatcd 

26 

0 

loC 

0 



Dehulled; moculated 

26 

73 07 

169 

61 53 



Hulled; moculated 

25 

4 00 

173 

3 46 

Nokano 

754 

Hulled' uninoculated 

not counted 0 

not cotmted 0 

Wase 


Dehulled; inoculated 

do 

0 

do 

0 



Hulled; inoculated 

do 

0 

do 

0 

Orel 

351 

Hulled; uninoculated 

25 

0 

116 

0 



Dehulled, inoculated 

27 

37.03 

107 

57 01 



Hulled; moculated 

28 

0 

216 

0 

Scotti&h 

377 

Hulled; unmoculated 

25 

8.00 

186 

9.14 

Pearl 


Dehulled; inoculated 

22 

68.18 

177 

67 89 



Hulled; inoculated 

21 

4.76 

188 

.53 

Tenkau 

646 

Hulled; unmoculated 

21 

14.28 

170 

5 88 



Dehulled; inoculated 

24 

62.60 

169 

66.27 



Hulled; moculated 

23 

4.34 

175 

1.14 
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Variety 

1 

O. T. 
No. 

Treat ment 

1 

Numbes of 
plants 

Per cent 
smutted 
xiants 

Number 

of 

heads 

Per cent 
smutted 
heads 

Tennessee 

267 

Hulled, iminoculated 

25 

8 00 

2.54 

1 06 

Winter 


Dehulled, umnocu- 







lated 

22 

9 09 

191 

6 80 



Hulled; grov^ii in 







greenhouse; uninocu- 







lated 

25 

0 

209 

0 



Hulled seed; grown in 







greenhouse; flowera m 







oculated 

23 

0 

197 

0 



Dehulled; inoculated 

21 

76 19 

164 

61 22 



Hulled, mocvilated 

24 

25 00 

190 

10 62 



Hulled; covered with 







spore-Kjhaxged soil 

26 

11 54 

195 

4 10 

Texas 

664 

Hulled; unmoculated 

22 

40 90 

170 

26 47 

Wmtei 


Dehulled; inoculated 

14 

92 82 

129 

90 02 



Hulled; inoculated 

23 

4 34 

173 

1.73 

WiscoBsm 

519 

Hulled; uninoculated 

24 

12 50 

182 

3.84 

Winter 


Dehulled; inoculated 

18 

60 00 

125 

31 20 



Hulled; inoculated 

22 

4 54 

170 

.68 


were uninooulated. This seems to indicate that the spores which infect 
are carried between the hulls and the kernel. However, plants grown 
from seed inoculated by dusting spores between the glumes at flowering 
time showed no smut. The high temperature existing in the greenhouse 
where these inoculations were made might have affected the results. 
Covering the seed with sporo-eharged soil after sowing failed to increase 
the percentage of infection materially. 

The sowings listed in table 2 were repeated in the field 
at Arlington Experiment Farm, but no results were obtained, duo 
to almost complete winter-killing of plants from dehulled seed, which 
was sown very thinly. If a more efficient means of dehulling the seed 
could be found or if the inoculation could be accomplished in some 
other way with less trouble the testing of barleys for resistance to covered 
smut could be accomplished with less delay. Possibly scarifying the 
seed before smutting would give the same results as the method of de¬ 
hulling employed. The hulls seem to be the main obstacle in the way of 
successful inoculation. 

OiTicB OP Cbsbal Investigatioits, 

U. S. Department op Agriculture, 

Washington, D. C. 








SOME POSSIBLE RELATIONSHIPS OF THE MOSAIC DISEASES 

H. A. AlIjABD 

A mass of published material has accumulated dealing with the results 
of observations and experiments bearing on the mosaic diseases of the 
potato, tobacco, and likewise of other plants outside of the Solanaccous 
Family. A great deal has been learned, but much still icmains to I e 
learned concerning all these diseases. Now and again it is a good thing 
to emphasize what we do not know as well as to keep in mind what we 
really know concerning any problem. Perhaps it would be just as well 
if we published our lack of knowledge occasionally, for the time com¬ 
pletely divorcing ourselves from favored theories and orthodoxies which 
may have been unduly emphasized in our papers dealing with positive 
results. 

Let us consider some angles of the problems connected with the 
mosaic diseases of the Solanaccous plants. The following points have 
not yet been cleared: 

(1) The nature of the infective agent has not been deteimincd, whether 
bacterial, protozoan, etc. 

(2) The actual relation of the mosaic disease of potatoes to the mosaic 
disease of tomatoes and tobacco is not known; whether or not the two 
are specifically distinct, or simply due to physiological variations in a 
common infective agent. 

(3) It is not known just how the “virus” is carried over the winter 
in all instances. Affected perennials such as species of Physalis, and 
Solarium carolinense are known to be one factor in the cate of the mosaic 
disease of tobacco and tomatoes. A second and perhaps very important 
reservoir of the virus may he overwintering platit lice or other insects, 
but this has not been established. If the virus is carried over the winter 
by insects, there aro two possibilities, one the mere mechanical tiansfci’ 
of the virus through infected mouth-parts, etc., of overwintering insects 
which have fed upon mosaic diseased plants. In the case of certain plant 
lice which are known to be active carriers of the virus, it is also i obsillo 
that a more complex relationship exists Lot ween the infective agent and 
the aphid, Several nice points aro involved here. It has already been 
shown that certain species of plant lice when allowed to feed upon mosaic 
diseased tobacco, tomato, or potato plants are able to transfer the in¬ 
fective agent readily to healthy plants of the same kind. Is it nee cssary 
for each generation to pick up the infective agent anew, or is it possible 
for the viviparous females to transmit the infective agent to their living 
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progeny? Finally, is it possible for the infective agent causing these 
diseases to be transmitted to the overwintering eggs produced by the 
last generation of the season, ultimately to reappear in the stem mothers 
and successive generations as a source of infection for the new crop of 
tobacco, tomatoes, and potatoes? If plant lice which appear to be the 
natural carriers of the virus of the mosaic diseases serve to carry the 
virus over the winter, some such method must obtain, and it becomes a 
question of great importance to establish the truth of these complicated 
relations- Both phases of the question ai’e equally important since in 
colder climates the link may be dependent upon the overwintering egg 
alone, or in the warmer portions of the country the link may be dependent 
upon overwintering viviparous females themselves. The transfer of the 
“virus” from generation to generation through viviparous females, or 
through the egg becomes a more involved relation of a more or less sym¬ 
biotic nature. There is nothing paradoxical in the possibilities of such 
relations, since it is already established that very complicated relations 
may obtain between various disease producing organisms and their 
alternative insect and animal hosts. The South African Coast Fever is 
one of these in which the Brown Tick {Ewhipicephalus appendiculatvs) 
spreads the blood parasite {Babehia parva) among cattle and buffaloes. 
The life history and host relations are briefly these: The ticks lay their 
eggs in the grass, these hatching in about 28 days into 6-legged larvae 
which attach themselves to passing cattle, feeding upon their blood. 
These fall off in three or four days, remaining dormant about 21 days, 
then moult, giving rise to 8-legged nymphs. These again pass lo (‘at tie, 
sucking their blood for the same length of time as the larvae, finally drop¬ 
ping off replete, moulting in about 18 days and becoming adult male or 
female ticks. These attack cattle, mating takes place and egg-laying m 
the gra^s completes the cycle of the tick carrying the protozoan parasite. 
Strange as it may seem only the nymphs in this cycle transmit the dis¬ 
ease-producing parasite (Babesia parva) to healthy animals although the 
larvae and adults themselves suck blood as well. Moreover, the larva(‘, 
which do not themselves transfer the disease, yet retain the infective 
agent which appears in an actively infecting form in the nymphs them¬ 
selves. Here, if the facts are correctly worked out, we have an inter¬ 
mediate stage alone in the life cycle of the tick-host capable of transferring 
the disease, with blood-sucking stages on either side, the larvae on one, 
the adults on the other, neither of which transfers infection. 

While it has been established without much question that the mosaic 
“virus” may overwinter m certain pereonial plants in some instances. 
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this does not always appear to account for the sudden appearance and 
spread of the disease in all localities. The missing link that completes 
the story may well be an overwintering of the “virus” in the bodies or 
in the eggs of certain plant lice which are active carriers of infection. 
The problem is an interesting and important one and may clear up the 
question of the overwintering of some reservoir of infection at the piesent 
time not clearly understood. 

Theories in themselves are of no value since they are but tentative 
explanations of conditions and relations not completely understood. 
Theories, nevertheless, have their place, their r61e, since they may serve 
as a vantage point from which to lead out in a problem where real work 
is being followed. A theory at best is a temporary attitude of the mind 
and new facts may support or destroy it. A theory becomes old and 
useless when experience has progressed beyond its conditions and 
limitations. In any problem involving such intricacies of relationship 
as the mosaic diseases which include such possibilities as an infectious 
“virus” carried by particular insects, particular species of plant lice, 
overwintering in affected perennials, and perhaps in the insect carriers 
themselves or their eggs, other possibilities of the problem should not be 
slighted or ignored. The forces of life have developed many strange 
and incomprehensible relationships as exemplified in the living relation¬ 
ships of hosts of organisms. There is one question that has come to my 
mind on several occasions which may at first seem fanciful, yet neverthe¬ 
less in it rests a remote possibility, and no possibility is so remote that 
it can not bear some relationship to reality. Many fungus and bacterial 
diseases affect plants, and tobacco, tomatoes, and potatoes ai-e no excep¬ 
tions. Is it possible for the bacterial cells or the spores or hyphae of 
invading fungi to become contaminated with the “virus” or actually 
to absorb or include the infective principle in mosaic-diseased tissues, 
thus transferring infection in some instances or even serving as an over¬ 
wintering host? The fact that certain species of fungi and bacteria are 
so nicely related physiologically to certain host plants as to find their 
nutrition solely within the sap, tissues, and protoplasm of the latter 
would suggest that relationship might even exist between some of the 
“virus” diseases and these more evident, more visible parasites, both 
of which have become more or less higlily adapted to the same physiologi¬ 
cal environment. This is merely a suggestion, but while we are looking 
so strenuously for an overwintering reservoir for the “virus” in some of 
the higher plants or insects, it may be just as logical to eliminate some of 
the possibilities lower down in the scale among invading bacterial and 
fungus parasites which may at times become intimately associated with 
the “virus.” 

Bureau oe Plant Industry, 

U. S. Department op Agriculture. 



A METHOD OF ISOLATING SELECTED SINGLE SPORES 

John W. Robekts 
With one Figure in the Text 

In connection with a series of experiments involving spore-selection, 
it became necessary to isolate not only single spores but also certain 
individual spores selected from a large number. After selection and 
isolation the spores were transferred to artificial media for the purpose 
of permitting study of the resulting growth and further selection from 
another generation. 

The method used was a modification of that employed by Edgerton.’ 
The apparatus designed byEdgerton consisted of a capillary tube fastened 
in an ordinary rubber-tube clamp mounted on a cork which was filled 
into the diaphragm opening of the subtage condenser of a microscope 
in the “swung out” position. Orientation of the open end of the capillary 
tube, which was simply a tube of a very small bore drawn to a capillary 
point at one end and closed at the other, was accomplished by turning 
the whole apparatus and by raising and lowering it by means of the 
screw which raises and lowers the condenser. The spore and a drop of 
the water surrounding it were drawn into the tube by applying ether 
to the closed end and expelled by warming the closed end. The spore 
was usually forced out upon a sterile cover slip, examined under the 
microscope and if satisfactory the slip with the drop containing the spore 
was pressed into media contained in a Petri dish. Observation of the 
spore was also made during germination to make sure tliat only one had 
been picked up. 

As the rubber-tube clamp with its elastic-band fastening used liy 
Bdgerton to hold the capillary tube was not sufficiently sturdy to give 
the rigid support desired, a holder was devised to moot this need. A 
support (Fig. 1, a) commonly found on ring stands and used to hold tost 
tubes or flasks was unscrewed from the clamp holding it to the upright 
of the ring stand and mounted on the cork by simply twisting the threaded 
end through the center of the cork. The jaws of the support were lined 
with cork (b) so that when closed they fi.tted tightly together save for a 
groove into which the capillary tube (c) was fitted. 

When using the apparatus, the capillary tube (c) is first adjusted so 
that when swung into position beneath the objective of the microscope, 
the open end is seen near the center of the field. By turning the entire 
apparatus the tube is then swung to one side and adjusted to a height 

‘ Bdgerton, O. W. Phytopath. 4 : llS-117. 1914. 1 fig. 
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such that when swung back into position it clears the surface of the 
stage by several millimeters. The slide with a comparatively small 
number of spores mounted in water is now placed in position and the 
spore having the desired characters is selected and pla(“ed near the 
center of the field by manipulating the slide. I’hc appaiatus is then 
swung about so that the open end of the capillary tube appears in the 



Fig I Apparatus for picking up single spoics 

center of the field almost directly above the spore. By means of the 
lowering screw (d) the end is then lowered until it strikes the water. 
Sometimes the spore is sucked up immediately but more often it is 
necessary to increase the suction by applying ether to the closed end of 
the tube. After the spore in a small amount of water has been taken 
up, the capillary tube is raised from the water by means of the screw 
and the whole apparatus is swung to the side. After careful removal 
of the capillary tube from its support, the closed end is hold over a low 
flame and the open end over artifi.cial media contained in a Petri dish. 
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By this means the drop of water containing the spore is driven out of the 
tube and is made to fall into the Petri dish within the circumference of a 
circle about 3 mm . in diameter previously indicated by marks on the 
bottom of the dish. As many as a dozen such transfers may bo made 
to one Petri dish. The flame used should be a very small one, else the 
water in the tube may become too hot or may be changed to vapor. 
A flame of the small burner known as the “Micro Burner” has been 
very satisfactory. 

As the circles indicate the location of each drop, the Petri dish is 
placed under the microscope and the contents of the drops examined 
to be sure that not more than one spore was picked up and to be sure 
that the one picked up is the one wanted. Another examination is 
made after germination has begun, at which time every spore is easily 
located. If two spores should be found in a single drop, growth from 
that drop may be discarded. Often, however, they are so far apart 
that their positions can be indicated by marks made on the under side 
of the Petri dish. The desired spore can then be transferred to another 
Petri dish or tube of media. 

Special attention should be paid to Edgerton’s instructions regarding 
capillary tubes. He advises that they be provided in advance, placed 
in plugged test tubes and sterilized. He also states that they should 
be made from as small glass tubes as possible, not larger than 2 mm. 
diameter inside. In a smaller tube there is less volume of air and the 
expansion and contraction of this is less, making manipulation easier. 
Also a smaller tube can be drawn out more satisfactorily than a larger 
one. To Edgerton’s remarks, it should be added that the open end 
of the tube should be but little wider than is necessary to admit a single 
spore. With large spores it is possible to have the opening loo small, 
but with smaller spores it is often too large. 

To obviate the necessity of alternately turning out and lighting the 
flame, the ether is kept in a small-mouthed bottle, in the stopper of 
which a small glass rod is inserted. By this arrangement a drop may be 
placed upon the closed end of the tube with the release of a minimum 
quantity of ether fumes into the room. 

The method here given may, at times, seem laborious and unduly 
tedious but by its use one can be absolutely certain that one Ixas isolated 
not merely a single spore but a particular single spore possessing those 
characters which he wishes to study. The rigidity of the apparatus 
here described, permitting of delicacy and accuracy of operation, greatly 
facilitates the task. 

Fhxtit Disease Investigations, 

Bubeau of Plant Industry, 

U, S, Department of Agriculture. 



PHYTOPATHOLOUICAL NOTi’lOS 

Foot-rut or Ophioholus in (California. —Por throe or four j't'iirs tlu' hc'urfh 
for foot-rot {Opliioholufi granunitt) iii tlic grtuu fioklh of CWiforiiia failed 
to positively identify this disease. However, dwring the past season 
there appeai’ed in the plots of wheat at Davis plants which appeared to 
1)0 attacked Ijy Ophiobolus. These plots were irrigated every week during 
the last four or five weeks of the growing season in order to induce stem 
rust attack. As the plants came into head the spikes appeared light in 
color and weight and did not bend under the weight of the filling head. 
Hormodendron lesions appeared on the glumes as small black blotches. 
The kernels when examined were found in every case to bo badly slirivcled 
and useless for milling or seeding purposes. The plants when pulled ciimc 
out of the soil readily. The roots wore decidedly gray in color aiul had 
broken off short where rotting had set in. Enlargement of the roots of 
diseased plants was common. Such enlarged roots (almost three or 
four times the normal diameter) when cross-sectioned were found to be 
hollow throughout the length of the enlarged portion. 

The culms were usually weak and looked like those of prematurely 
ripening plants. In number the culms were not reduced below that for 
disease-free plants. 

Upon the surface of the- culm on the fii'st and second internode, usually 
below the surface of the soil, appeared blackened areas, with lighter 
areas between. Upon the inner siurfacc of the enveloping loaf sheath 
appeared black bodies which on examination proved to be perithocia 
filled with asci containing eight ascosporcs. The spores were extremely 
long and linear in shape. The disease was definitely identified as Ophio- 
hohis gram inis by Dr. H. B. Humphrey. 

Specimens collected by the author for the past four years over Cali¬ 
fornia indicate that tho disease is wide.spi*ead and apparently has Ixien 
establishod in the State for many years and doc‘H not appear t<j be in¬ 
creasing. Foot-rot lias been found to cause blighted heads in wheat 
fields to the extent of 15 per cent of the (*rop. 

Hitherto the specimens observed have faileil to show perithocia 
which made certain identification impossible. I’ho blackened ai’ca ap¬ 
peared on the surface of the inlernodo as usual and the mycelial weft 
or lilackoncd area extended to the iiuior surface of llie enclosing shoath, 
but no poritheoia appeared. 

It is believed that the application of irrigation water late in the soasoii 
gave tho Ophiobolus the proper conditions required for the <levelopment 
of poritheoia. 

At Davis, Ophiobolus perithocia were this year fomid on barley, 
Mr. McKinney in 1922 reports that he found barley attacked west of 
Riverside in Southern Clalifomia. 

So far as the observations havo extended no variety of wheat has boon 
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found iiniuunc from atturk, but <*(Tlaiii variol u\s like Hard and AVhib' 
Federation appear pocnliaidy bUbceptiblc.—W. W. ArAf^Kiw. 

A new disease of cultivated "barley in California caused by Ilelniintho- 
sporium californimm, n. sp. —An undeftcribed spocioa of llolmintho- 
sporiuin has been observed to be generally distributed and a])undant in 
rjalifornia on cultivated barley. Its period of development begins much 
later than that of other Helminthosporium species previously dcscribetl. 
It appears with the warm, dry weather and develops rapidly. The 
apical ends of the leaves are first attacked and finally a “rusty blotch" 
is formed on the leaves. The lower leaves arc first attacked and the 
disease progresses to the top of the plant. The grain is shriveled duo 
to the premature death of the leaves. The spots are irregular, brown to 
bluish black, usually merging into diffused brownish discoloration of 
larger part of leaf. The spots arc not netted (//. teres), elongated (H. 
gramineu7)i) , or defimtely bounded dead areas (H. sativmn). 

The conidia of H. califomicum n. sp., arc dark olivaceous when 
fuUy mature; fusiform, not curved; tliick walled; 40-85 y. X 20-26 jjl; 
average 58 X 22 [jl; 3-9 septate. Genninato by single germ tube from 
any segment. 

Kesembles H. sativum P. K. & B., except that it occurs later, is more 
severe, the diseased areas are not definite and have no distinct margins. 
The conidia are longer, wider, more dense, thicker walled and not curved. 

The rusty blotch which has been observed for four years in California 
has been determined to be a new species of Helminthosporium and has 
been named H. californicum. It has boon incroabing in severity in the 
Sacramento and San Joaquin Valleys. Studies carried on show marked 
varietal resistance to this disease.—W. W. Mackik and O. K. Paxton. 

Personals —Br. George IT. Pethybridge, formerly J Ccad of the Soeda 
and Plant Diseases Division of the Department of Agriculture and 
Technical Instruction for Ireland, has been appointed Mycologist to 
the Ministry of Agriculture and Fishorios for England. His head¬ 
quarters will bo at Harpenden. 

Dr. Paul A, Murphy has boon appointed Head of I ho Plant Diseases 
Division of the Department of Agriculture and Technical Instruction 
for Ireland. Dr. Murphy, whose address is Plant Diseases Division, 
College of Science, Dublin, writes to say that ho .wishes to keep up close 
coQperation with his American and Canadian colleagues and would be 
glad if individuals and institutions which formerly supplied publications 
of a pathological nature to the Seeds and Plant Diseases Division would 
send them personally to him. 

Thu Namaber number of Phyiopaihology wi8 issued Noovnibn 0, 
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New species in blackfaced typo. 

Abies, balsainea, Polysiictus abiotiuas on, 
184; grandiB, 511; Polysticl-us abietinus 
on, 184; sp., host of Phomopsis iweu- 
doisugae, 301 

Abstracts, fourteenth annual meeting, 
American Phytopathological Society, 
33-60; fourth annual meeting of Can¬ 
adian Division. 290-294; first annual 
meeting of Inland Empire Section of 
Pacific Division, 509-612 

Acer, rubrum, Polystictus hirsutus on, 
186; sacchorum, Polyijtictus jiarga- 
menus on, 185 

Actinomyces, scabies, relation of soil 
moisture to, 231-236; ehromogemis, in 
new land, 243 

Aecidium nitens, 63, 69, 71 

Agropyron, elongatum, host for zonat.c 
eye-spot, 59; intermedium, host for 
zonate eye-spot, 59; repens, host of 
bacterial disease, 76; repens, host for 
zonate eye-spot, 59; repens, host of 
Septoria agropyri, 7-8 

Agrostia palustris, host of timothy rust, 
38; stolonifora, host for zonate eye-spot, 
59 

Ailanthus, 185 

Alfalfa, intracellular bodies in phloem 
tissue of, 326-329 

Allard, H. A,, Some possible relation¬ 
ships of the mosaic di,wases, 555-667 

Allium, sativtim, host of Corcosijora Dud- 
diae, 362-366; cepa, host of Goroosi)ora 
Duddiae, 362-366 

Alnus tenuifoUa,'Polystictus hirsutus on, 
185 

Alternaria, 501-503; causing black point of 
wheat,49; solani, 102; solnni, reaction to 
fimgicides, 632-642 

American Phytopathological Society, 
fourth annual summer meeting, 150- 
162; fourteenth annual meeting, report, 
188-108; Canadian Division, abstract 
of papers presented at the fourth annual 
meeting, 1922, 290-294; fifth annual 
summer meeting, 607; abstracts of 
papers presented at the Inland Empire 


Section, Pacific Division, Ecb. 3, and 10, 
1923, 609; Organization of the Inland 
Empire Section, Pacifi<* Divisifm, 511 
Auchusa, capensi-s, host for aocial stage of 
leaf-rust of rye, 50; ofiicinalis, host for 
aocial stage of leaf-rust of rye, 49 
Airt>KRKON, P. J., Controlling tobacco 
wildfire in the seed-bed, 69; The relation 
of soil moisture to formaldehyde injury 
of ouion seedlings, 392-403; and 
Osmun, A. V., An improved formalde¬ 
hyde tank for the onion drill, 101-168 
Anthostomolla destruens, causing cran¬ 
berry rot, 610 

Anthracnose, of lettuce, notes on, 510 
Aphids, importance of in overwintering 
mosaic, 656 

Aphis, green peach, 611; green rose, 612; 
maidia, agent in transmission of sugar¬ 
cane mosaic in Porto Itico, 24-29 
Apothccia, photographing spore discharge, 
30-32 

Apple, bitter rot of, 290; lutlor rot canker 
of, 461; blotch infection in 1922, 43; 
blotch, now aspects of control, 44; 
brown rot of, 462; canker on, duo to 
Pusicoccum pyroxiim n. sp., 226-230; 
cedar rust of, 303; fire blight of, 508; 
fruit rot due fo Botrytis cinerea, 509; 
Phyllosticia leaf spot of, 290; Poly- 
stictuR hirsutus on, 185; Polystictus 
lacicus on, J85; scab of, 608; scab 
control in Massachnuetts, 44 
Apricot, black heart disease due to Vor- 
tieiUium sp,, 210-224; h()st <»f Cory- 
noura beijorinclcii, 610 
Argentine llepublic, curly loaf of sugar 
beets in, 458-460 
Artichoke, globe, Botrytis rot, 68 
Asparagus, dwarfing caused by Fusorium 
sp., 284; rust of, 300 

Aspergillus, susceptibility of, to copper, 
539 

Avena, barbaia, host of Leptosphaeria 
avenaria, 14; biologic specialization of 
Puccinia grominis avQnoc, 35; brevis, 
host of Leptosphaeria avenaria, 14; 
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fatua, host of Leptosphaoi ia avenaiia, 
14; uuda chinensia, host of Lcpto- 
aphaoria avenaria, 11; sativa lugra, host 
of Leptosphaoria avenaria, 14; sativa 
orientalis, host of Leptosjihueria avpii- 
aria, 14; sterilis, host of Lcptosphacua 
avenaria, 14-15; strigo&a, host of Lep- 
tosphaerin avonaiia, 15 

Bacillus, atroseptipus, lehilionship to 
Bacillus solanisapnis, 359-361; caro- 
tovonia, causing soft rot of Iiis, 293; 
raiotovorus, pectic fpimonlation hy, 
383-384; solanisaprus, relationship to 
Bacillus atroseptipus, 359-301 

Bacteria, physiology of some plant path¬ 
ogenic, 381-384 

Bacterial organisms, two, causing lodf- 
spots on tobacco, 140-144 

Bacterial spot of tomato and jiepper, SOT- 
SIS 

Bacterium, angulatum, pectip fermenta¬ 
tion, 383-384; eampeatro, peptic fer¬ 
mentation, 383-384; coronofapiens at- 
Topurpureum n. var., 81; esitiosum, 
on tomato and pepper, 308; malvacca- 
rum, nevr host of, 466^67; sojae, pec¬ 
tic fermentation, 383-384; solanace- 
armn, on Chrysanthemum coronaiium, 
488-491; tabacum, poetic fermentation, 
383—384; tumefacions, 107—116; tumo- 
faciens, on rose, 87-90; tumofociens, on 
Paris daisy, 87-99; vosioatorium, on 
tomato and pepper, 308; on fiolanum 
nigrum, 311; on Physalis minima, 311; 
on Datura stramonium var. tatula, 311; 
on Hyoscyamus niger and H. anreus, 
311; on Nicotiana rustica, 311; on 
Solanum dulcamara, and S. rostral uni, 
311; on Lycium ohinense and L. halimi- 
folium, 311; on potato, 310; sp., pepper 
disease, 57 

Bailbt, AiiicHE A-, seo Link, Guo. L. L. 

Batlbt, D. L., see Stakjian, E, C. 

Bailby, lKviNQW.,SlimebodieBofRobinia 
pseudo-acacia, 332-333 

Banana "vdlt, 643; of Manila hemp plant, 
263-266 

Barberry, eradication by means of chem¬ 


icals, 48; progiess in ciudifatiou, 48; 
and Pupcinia giaminis in Denmaik, 
404-407 

Barley, covoiod smut of, 153-1(50; inocu¬ 
lation with covered snitd, 551- 551; leaf 
lusl of, 41); loo^-e smut of, 163-1(50; new 
disease of in C^ilifoinia, 562; Ophioboliis 
di'^ea^-e of, 562; ni&ty-blotch oJ in 
C'alifoinia, 562; Scpioria leaf blotch of, 
3-7; vaiiotnl susceptibility to envoied 
smul, 652-663 

Bavtuk D. V , While pine blisiei inst m 
hlieliigan, 285, 28(5 

Bean, anthinonoso of, 31(5 323; intra¬ 
cellular bodies in phloem (is^-uo of, 326 - 
329; 4unseald, cause of, 370-380 
Bxsattie, K. IvBNr, see Orton, W. A 
Begonia, host of TTetcrodora riulieieola, 
443 

Bdnsaude, MArniUDii, A species of Ol- 
pidinm parasitic in the roots of tomato, 
tobacco and cabbage, 451-454 
Betula, occidontalis, Polysi ictus ehma- 
barinus on, 184; Polystictiis hirButus 
on, 185; luiea, Polys!ictus pargainonus 
on, 185 
Bitter rot, 461 

Bittersweet, host of Bacterium vesica- 
torium, 311 

Blackberry, host of Kuukelia nitena, 608 
Black heart disease, of apricots due to 
Voitieillium sp., 210-221 
Blackleg of potato, 369-361 
Black point, morphology of durum whinit 
affected hy, 48; some fungi causing, 19 
Bla<*k rot, of grape, 462 
Black stem rust, in Denmark, 40'l-107 
Btaxr, R. J. and IfAnu, J. D. Woo<l v. 

fungi (Title only), 290 
Blight, of coiuiing peas, 293; of celery, 
290; of cuourbils causisl by Mnoro- 
sporium eucunierimim, 199-201; of 
peony by Botrytis imconiao, 202; 
peony, due to Botrytis cinerea, 609; 
tulip, 600; seedling blight of wheat and 
corn, 60 

Blight, blossom, 609; of rose, 609; of 
snowball, 609; leaf, of golden seal, 600; 
of periwinkle, 600 
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Blister rust on Pmus cembin, P. moiilicnla 
and P. htrobus, 209 

Blodgett, F. M., Hot water and hot air 
treatment of potatoes, 56; I’line- 
tomperature curves for killing iiotato 
tubers by heat heatments, 405-175 
Blossom blight, rose, 509; snowball, 509 
Blotch, apple blotch infection in 1022, 43; 
of peony, by Cladosporium pai'oniae, 
292 

Blue stem, of the black rusjiberiy, 293 
Bluastone, treatment of seed wheat and 
oats with, 109-183; lieatineut for smut, 
512 

Boncquet, P. a , Discovoty of curly Iciif 
of sugar beet sin the Aigentmc Kcpublic, 
468-460 

Bordeaux mixture, potatoes sprayed with, 
609; toxicity of different types, 632-642 
Botjer, J. Cortwijn, and Qxtanibr, IT. 
M., Dutch potato varieties resistant to 
wart disease and internal brown spot, 64 
Botrytis, from apple, 462; blight of castor 
bean, 303; susceptibility of to copper, 
639; allii, cause of onion neck rot, 609; 
cinerea, reaction to fungicides, 532-542; 
rot of globe artichoke, 68; in relation to 
damping-off of conifers, 387-301; re¬ 
action to staling products, 33-34; 
sulphur toxic to, 60; on apple, carrot, 
cranberry, fig, ginseng, gooseberry, 
lettuce, lilac, peony, pear, plum, rasp¬ 
berry, htrawbori'y, squash, 609; pao- 
oniao, on peony, 600; para.sitiea, on 
tulip, 609; sp., on cranboriy, 610; on 
eggplant fruit, 600; on golden seal loaf, 
609; on lettuce, 60S; on ]>oriwink]o loaf, 
609; on rose Idossoin, 609; on snowball 
blossom, 609 

Bottom rot, of lettuce, 508 
Boyle, C., The growth reactions of certain 
fungi to their staling products, 33-34 
Boyle, L. W., Fusarium rot of onions, 610; 
see Heald, F. D. 

Brachysporium, causing black point of 
wheat, 49 

Breeding, nematode resistant plants, 436- 
460 


BuENrzEL, W. in., A disease of flux not pre¬ 
viously in the United States, .53 61; 
Disease of flax caused by a species of 
Ithizoctouia, 53 

Brislet, Hahold Boy, Studies on the 
blight of cucurbit.s caused )jy Macro- 
s])orium fiicumeimum Ji. & 15., 199 204 
Broad bean, will of in fimgous extract, 
540, 547 

Brume grass, Se])toiia leaf blotch of, 8-11 
Bromus, altissimus, host of Septorin 
bromi, 9 ; caiinatus, bactoiial disuise 
of, 78, 81; host of Bacterium coiona- 
faeiens vur. atiopurpureum, 76-86; 
inermis, bacterial disease of, 76; host of 
Bacteiium coronafaciens var. atro- 
purpureum, 76-86; host of Septoria 
bromi, 8-11, 17; host for zonate oye- 
spot, 60; Septoria disease of, 8-11; 
secolinus, host of Septoria bromi, 9 
Brown, H. D., and Gabdneh, Max W., 
Lightning injury to tomatoes, 147 
Brown, J. G., and Gibson, Frederick, 
A new host of Bacterium mnlvacearum, 
456-457 

Brown, Nellie A., Experiments with 
Paris daisy and rose to produce re¬ 
sistance to crown gall, 87-99 
Bryophyllum, crown gall inoculations on, 
476; studios on early stages of crown 
gall of, 470-482 

Buffalo bur, host of Bacterium vesica- 
tiorium, 311 

Bunt, control, 169-183; of wheat, treat¬ 
ment for, 511; occurrence in rye. 210- 
216 

Bnuann, O. F., Molauose and stcin-ond 
rot of citrus fruits, 46 
Burgundy mixture, toxicity of, 632-642 
BtfRKnoLDKR, Waltiir II., The gamma 
strain of Golletotrichirai lindemuihi- 
anum (Sacc. & Magn.) B. et 0., 316-323 
Butternut, see Juglans cincrca 

Cabbage, Chytridium brassicae on, 461; 
Olpidium brassicae on, 461-464; re¬ 
sistant to Fusarium, in 1922, 57; seed, 
hot water treatment for Phoma lingnm, 
251*253 



iv 


Index 


Cacao, Mcliola diseabe of, 247-250 
Caeoma luminatum, 72 
Calcium oxalate, crystals, m pubtidob of 
Melanconis jiiglandis, 418 
Cancers, plant, 107-116 
Cane blight, of raspberry, 508 
Canker, duo to Fusicoccum on apple, 
225-230; Bndothia parasitica, notob on 
occurrence of, 366-371; fig, due to Bo- 
trytis cinerea, 509; of Pseudnlbuga, 
Larix, Tbuga, Abies, 301 
Cantaloupe, host of Helenxlera radici- 
eola, 442; host of Maorosporium cu- 
cumennum, 199-204; varieties sus¬ 
ceptible to Heterodera radicicola, 444- 
446 

Carica papaya, host of Ilolcrodora ratU- 
cicola, 442 

Cabon, 0., Disinfection ct parcclles (Title 
only, 290 

Carrot, storage rot due to Botrytis cine- 
rea, 509 

Cartoons, in agricultural teaching, 33 
Castanea dentata, 298; heart-rot of, 562; 
host of Polyporus apraguei, 288; Poly- 
stictua hirsutua on, 185; moUissima, 
298; vesca, 298 

Castor bean seedlings, crown gall inouu- 
lationa on, 476; studies on early stage of 
crown gall of, 476-482 
Catalpa, 185; speciosa, host of Heterodera 
radicicola, 442 
Cedar, rust of, 303 

Celery, blight of, 290; resistant to yellows, 
66 

Cepholotheoiiim, in cotton seed, 601-503 
C^tostomolla fimbriata, sweet potato 
black-rot fungus, 56 

Cercospora, capsici, pepper disease, 57- 
58; Duddiae n, sp., causing leaf-spot on 
onion and garlie, 362-365; lantucae 
n. sp., causing leaf-spot of lottuce, 289 
Cereals, leal rust of, 338-S40 
Ceylon, Helminthosporium hcveae in, 483 
Chamaeoyparis thyoides, Pols^tictus flori- 
danuB on, 184; Polystictus pinsitua on, 
185; Poria papyracea on, 187 
Chabdon, C. B., and Vbjvb, R. A,, The 
transmission of sugar-cane mosaic by 


Aphib maidib uiidci held conditions in 
Porto Rico, 24-29 
CiiAUDiiURi, II , see Painu, S. C. 
Chemicals, eiadicatiiig the iMimnion bar¬ 
berry by nieunb of, 48 
Cliorrv, leaf-spot of, 508; host of CVny- 
noum beijeriiickii, 510; Polystietub 
hiisutus on, 186; Polystictus laoloiis on, 
185 

Chestnut, bark diseabC, 298; lesLstaneo to 
bark disease, 47; iicalmont with lime 
sulphur, 366-371; with Bordeaux miv- 
tme, 366-371 

Chlorophol, experimenfs wu(h for control 
of barley smuts, 153-160 
CnnisrcNbEN, J. J., boc Dosdall, Louise 
Chrysanthemum coroiinrmm, host of 
Bacterium solanacearum, 488-491 
Chupp, CnABUES, and Ciapp, Gkaoh L., 
Fusicoccum conker on apple, 225-230 
Chytridium brassicao, on cabbage, 451 
Cinnamomum cami>hora, relation of a 
Pestalozzia todisense of, 47-48 
Citrus canker, 296 

Citnis scab, history of in Japan, 492-495 
Cladosporium citri, 495; clegans, 405 
Clapp, Grach L., see Cnupp, Charles 
Clover, leaf-spot of, 69; powdery mildew 
of, 290 

Coceomyccs hiemalis, on cherry, 608 
Colletotrichum, pepper diseasea, 68; go&- 
sypii, sulphur loxic to, 60; lagenariiim, 
190; liudemutliiauuni, the gninnia strain 
of, 316-323; tiifolii, 121; sp., inocula¬ 
tions on cotton bolls, 502; isolated from 
interior of cotton seed, 501* 602 
CoLLBV, Rhoinali) II., aud Taylor, Min- 
NiM W., iStudies on the aeeial htages of 
Crouartium nbieola and Cronartium 
oocidentale, 40-47 

Collins, J. Franklin, A noteworthy ease 
of resihtanco to the chestnut bark di¬ 
sease, 47 

Colloidal sulphur, 507 
Conifers, domping-off of taproots of, 385- 
391 

Coniothyrium diplodiella, on grapes, 518; 
fuekelii, 608 
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Cook, Mel T , A (hseofec of dalilias, 286; 
A greenhouse disease of melons, 462- 
463; Blister inist of the white june, 283; 
Brown rot of apple, 462; Dwarf as¬ 
paragus, 284; Early stages of erowii 
gall, 476-482; The past and future of 
plant pathology (Title only), 290 

CooNB, G. H., Control of stinking smut of 
wheat (Tilletia levis) with dust treat¬ 
ment, 37; and Nelson, Yellows- 
Resistant celery. 3rd progress report, 
66 ; see Kotila, J. E. 

Copper, acetate, toxicity of, 632-542; 
carbonate, dust for bimt control, 169- 
183; for oat smut control, 170; Corona 
compound of, 176; dust for smut con¬ 
trol in wheat and oats, 293-294; ex¬ 
periments with for control of hdrley 
smuts, 153-160; results of tests with, 
512; treatment for bunt, 611; sulphate, 
toxicity of, 632-542; and lime, for 
smut control, unsatisfactory, 294; treat¬ 
ment of seed wheat with, 109; anhy¬ 
drous, 174, 177 

Coriolus, abiotinua, 294; balsameus, 294; 
delectans, 294; versicolor, 294 

Corn, mildews, Solorospora spontanea, 
S. maydis, S. sacohari, R. Philippinensis, 
299; root, stalk and ear rot disea.se in 
Kansas, 52; relation of environment to 
infection by Diplodia zoae, 52 53; 
seedling blight of, 50 

Corona compound of copper carbonate, 
176 

Corrosive subhinate, prc.sprinkliug before 
potato seed treatment with, 512 

Cortieium, vagum (libiaoetonia solani), 
in relation to dampiug-oif of conifers, 
387-391; relation of temperature to the 
damping-otf of garden cross scedliiigs 
by, 273-282 

Coryneum, beijennekii, on apricot, cherry, 
and peach, 610; blight of stone fruits in 
Washington, 610 

Cotton, Pima-Egyptian, angular leaf-spot 
of, 465-467; seed, fungi isolated from 
the interior of, 501-603 

CoTTLSON, J, G., Peony diseases, 292-293; 
see Dickson, B. T. 


Couluio, of grapes, 613 
Cowpea, Whippoorwill, nematode infec¬ 
tion on, 139, 440 

Cranberiy, storage rots, 509-610; caused, 
by Anthostomella destruens, 610; by 
Botrytis sp., 510; by Fusicoccum putre- 
faciens, 510; by Guignardia vaccimi, 
510; by Pestalozzia guepiuii vaccinii, 
510; by Phomopsis sp., 610; by Sporo- 
ncma oxycocci, 510; by S. pulvinatum, 
510; by Rtemphyliiun sp., 510 
CitAWFORD, R. F., Fungi isolated from the 
interior of cotton seed, 501-503 
Cress, see Lepidium sativum 
Crimson clover, see Ikifolium mcamatum 
Crouartium, occidontale, studios of aocia 
stages, 46-47; ribioola, foreign studies 
of, 45 infection through grafted roots, 
46; in the Northwest, 46; on Pinus 
monticota 209; Pinus strobus, 299; 
Pinus combra, 299; reaction to fungi¬ 
cides, 632-642; study of aecial stages, 
46-47; wintering over test for, 283 
Crowley, D. J., I*rcliminary report on 
the rots of cranberrv in Focifio County, 
609-610 

Crown gall, early stages of, 476-482; 
location of organism in host tissues, 43; 
moriihological responses of host tissues, 
43; on tobacco, 107-116; method of 
inoculation, 107-108; inoculations, 100- 
116; see Bociorimn tumefacions 
Cryiitosphoeiclla viticola, on grapes, 618 
(Vj’ptolhrips noridonsis, causing ihrips 
disease of camphor, 47 
Cucumber, intmcidlular bodies in tissues 
of, 326 320 

Cucumis molo, host of Iloterodera radioi- 
cola, 412; sativiw, host of llelerodora 
radicicola, 442 

Cucurbita moschata, host of Hoicrodera 
radicicola, 442 

Cucurbits, host of Maerosporium cucu- 
merinum, 109-204 

Culiuro, ascigerous stage of Fusarium 
moniliforrae, 61 

Cuprammonium sulphate, toaoity of, 
632-642 

Curly leaf, of sugar beets, 458-400 
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Currant, black, see Ribcs uignirn; lioht for 
Fomes libis, 508; tomato, hoht of 
Bacterium vesicatoumn, 311 
Cutler, N. L., A contiibulion to the 
knowledge ol the tree dobtroyiug bingi 
of the Vancouver forestry district, 294 
Cynodon dactylon, host for zonute eyo- 
spot, 59 

Cytological studies of Tillei ia tntici, 36-37 
CzABNECKi, Helen, Studies on the so- 
called black heart disease ot the 
apricot, 216-224 

Dactylis glomorata, host of tiiuothv rust, 
38 

Daedalea confragosa, 294 
Dahlias, disease of, caused by iSeloiotinia 
libertiana, 286 

Damping-off, relation to tempoiature in 
garden-cress seedlings, 273-282; of tap¬ 
roots of conifers, 386-391 
Dana, B, F., Botrytis diseases in Wash¬ 
ington, 509; Notes on Rhizootonia, 609 
Dandelion, host of Tylenohus dipsaci, 608 
Datura, stramonium var. tabula, host of 
Bacterium vesicatoriiun, 311, 314 
Davis, W. H., Germination of tho spores 
of timothy smut (CJstilago striaeformis 
(Westd.) NiessL), 38-39 
Decay of living trees by Polystictus, 184- 
186 

Degeneration, ditotucs of iiotato, 40 
Denmark, seventy of attacks of black 
stem ru&t in, 404-407 
Detmers, Freda, Dothichiza (‘sinker on 
Norway poplar, 246-247 
Diaporthe juglandis, uscoftonoiis slago of 
Molanconium oblongum, 414, 420; 
disease of butteinut, 47 
Dickson, B. T., Plant dibenscs of 1922 in 
western Quebec, 290; Temporature 
studies in mosaic diseases, 42; and 
Hood, E, G., Temperature studies in 
mosaic diseases, 42; Summerbt, R., and 
OouLSON, J. G., Control of oat smut, 
291-292: see Eckerson, S. H. 

Dickson, F,, and Fisher, W. R., A 
method of photographic spore discharge 
from apothecia, 30-32 


Dickson, James G , The inlluenec of soil 
teinpeuituic and moisluio on the de- 
velopineut of seed ling blight of wheat 
and corn eaubedby Gibb(Mellnsaubuu'tii 
(Mont) Bacc., 60; see Johann, Hluin 
Diebaek, gooscberiy, due to Botivtis 
emerca, 509 

Dijilodia, gossypu, 501-502; luoculatious 
With, 502; zcao, Kausas eoin disease, 
52; relation oi euvuomuenl to inlecliou 
by, 52-63 

Dibinlcetanla, organic ineicury seed dis¬ 
infectants, 38 

Disheinination, ot plant disoas-es, 295-306; 
in bceds, 303 

Domin, B. O., Tho distribution ol the 
oiarigc rust of llubus, 01 74 
DottLirTLB, 8. P , and McKinney, 11. 11, 
IntoroclluUu bodies in the phlocni-tisHuo 
of certain plnnth and their beaiing on 
the mosaie problem, 326-329 
Doran, W. L., ToMcity studies with 
some ooppoi fungicides, 532 642 
Dosdall, Loui&d, and CutUbrrKitbEN, 
J. J., Vaiiatioub in length of .spoies of 
Helminthosporium sativum P. R. & B. 
under different conditions of growth, 50 
Dothichira populea, on Populus eugenei, 
246-217 

Douglas fir, host ol Fonw's piuieolu, 611 
DowiiLL, R. 1., see Btevens, F. L. 

Dray TON, F. L., Report of tho Plant 
Di'-ea.se Survey (Title only), 290 
I)RI3CllhLl«R, OlIARLKh, A UOW blosSOlU-eUtl 
decay of wafernielons causetl by an un- 
(Ichcribcd hpeei(‘s of Pylhiniu, 57 ; 'I’Ik* 
occurrence of zoimte oye-spot on various 
grasses and ita mode of exteiVHion, 60 
Dufv, G. JT., Distribution ol Itibes and 
Cronarlium ribii‘oln in Ontario (Title 
only), 203 

Duband, Elias JuDAit, Biography of, 
408-409 

DubTAN, A. G., The natural control of 
the green apple bug (Lygus communis 
var. novascotienais Knight) by a now 
species of Empusa, 290 
Dusting, potatoes in 1922 in Mich., 64; 
of wheat and oats for smut, 169-183 
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Easievn blue btem of laspbeny, 607, 60S 
EckersoNjS H , and Dickson, Jambh G , 
The influence of soil tempeiatiu'c and 
moisture on the cheimcal composition 
of wheat and corn and their piodis- 
position to seedlins blight, 50-61; see 
McKinney, H. 11. 

Egg plant, fimt rot due to Botrytis bp., 509 
Elfingia megaloma, 294 
EiiLiOTr, John A., The ascigerous stage of 
sweet potato black-rot fungus, 50; 
notice of death of, 464 
Elcusine indica, host for zonate eye-spot, 
59 

Elymus viiginicus, host foi zonal c eye- 
spot, 59 

Empusa, the natural control of the green 
apple bug by a species of, 290 
Endothiu parasitica, 298; piegermination 
swelling of pycnosporos of, 423; notes on 
occurience and cankers of, 306-371 
England, plant disease survey of, and 
Wales, 410 

Eragroslis, major, host for zouato eye- 
spot, 59; pootinacoa, host for zonato 
eye-spot, 69 

Eulottix touolla, canior of sugar beet 
curly leaf, 45S-460 
Eye-spot (zonate), on giiussos, 59 

Fagub atropimicea, PolystictuH bifoimis 
on, 184 

Fahmy, T., The jmiduction by Fusuriuin 
solaiii of a toxic e\cretoiy substance 
capable of causing wilting in plants, 
643-560 

False cUiueh bug, 512 
Fermpiitation, iieidic in culture mediacou- 
taiimig jiectm, 381 384 
Fuunow, Kaul I£., Hpindliug tuber or 
marginal leaf-ioll, 40; A new host for 
potato mosaic, 40-41 
Ficus carica, host ofHotoroderu radicicola, 
442; canker, duo to Botrj'tis cineioa, 609 
Fig, see Ficus carica 

Fir, Douglas, host of Fomos pinicola, 61J; 

white, host of Femes pinioola, 611 
Fire blight, of apple, 608 
Fisueu, W. li., sec Dk’Kpon, F, 


Fitzvatuiok, II. II,, A suivey of the 
evidence iiuluating that Phytophthora 
should be nieiged with Pyihiuin, 34 
Flax, di‘-ease < iiused by Khizoetonia, 53; 
a discuMO not pieviously reported in the 
United States, 53-54 
Fon&oxt, Donald, see SenunTz, E. S. 
Fomes, innicola, causing wood decay, 511; 
libis, on cun ant, 508; roseus, 294; un- 
gulatua, 294; laricis, 294 
Foimtipoiclhi belulma, 294 
Foniitipoiia tsugnia, 294 
Foot-rot, of wheal, 661-662; varietal sus¬ 
ceptibility of wheats to, 602 
lAumaldchydc, cxpcrimcuts with, for 
control of bailey smuts, 163-100; as 
fungicide for wheat seed, 109; hot, pre- 
spi inkling bo ore potato seed treatment 
with, 512; improved tank for onion drill, 
161-l68j injury of onion scotllings, the 
relation of soil moistxue to, 392-403; 
potato seed treatment with, 509; tank 
for onion drill, 68 

Fourteenth annual mooting, American 
Phytopathological Society, 188-198 
hkagaiia cluIoenHis, host of Iloioiodcm 
radicicola, 442 * 

Fhaser, W. P., and Simmonds, P. M., 
Dusting with copiior carbonate and 
other substances for smut control, 293- 
291 

Fraxinus amoricana, Polys Lictus parga- 
inenus on, 186 

Fruit rot, pear, plum, raspberry, straw- 
bcir>', 509; of eggplant eluo to Uotrytis 
Hj)., 609 

I'\mgi, growth reactions to their staling 
products, 33-34; isolated fi’oni the 
interior of cotton seed, 601- 603; relation 
of to luosaic viiiw, 667 
Fungicide, sulphur as a, 00 
Fvmgoua filtrates, wilting power of, 649 
Fusarium, cause ol dwarf asparagus, 281; 
cultural reactions of, 291; influence of 
temperaimre on aixireB, 61; resistant 
cabbage In 1022, 67; rot of onions, 610; 
yellows of celery, 66; cubonso, 643; in 
connection with wilt of Musa toxtilis, 
263 -266; nionilifonuo, nscigorous hIuro 
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in cultures, 51; pathogenicity of, on 
cereals, 52; presence in corn rof)t, stalk 
and ear rot disease, 52; solani, toxic 
excretions of, 543-550; spinaciae, 
n. sp., Hungerford, 206-209; udum, 
cause of pigeon pen wilt, 543; vasin- 
■fectum, 463, 501; wilt of apiniicli, 205- 
209; spp., isolated from interior of cot¬ 
ton seed, 601-603; in relation to damp¬ 
ing-off of conifers, 387-391 
Fnacoporia ferruginosa, 294 
Fusicladium effusum, on pecan, 300 
Fusiooccum, canker on apple, 225-230; 
P3^orum n. sp., on apple, 225-230; 
putrefaciens cau.sing eranherry rot, 510 

Gaines, E. F., and Stevenson, T. J., 
Occurrence of bunt in rj'e, 210-215 
Galls, aerial galls of peach, 45 
Ganoderma oregononse, 294; sessile, 294 
Gardenia, nematode infected, 438, 442, 
443 

Gabdner, Max W., and Jackson, H, S., 
New aspects of apple blotch control, 
44; and KBNnaicx, Jambs B., Bacterial 
spot of tomato and pepper, 307-316; 
and Kendrick, James B., Field control 
of tomato mosaic, 372-375; seo Brown, 
H. D. 

Garlic, leaf spot of, 362-366 
Germination, Urocystis tritici, 134-137 
Gibborella saubinetii, influence of tom- 
porature and moisture on blight of 
wheat and corn, 60; in Kansius, corn 
disease, 52 

Gibson, Frederick, sec Brown, J. G. 
Gilman, J. C., and Meljius, 1. E., Fur¬ 
ther studies on potato seed treatment, 
341-^68 

Ginseng, moldy seed, duo to Botrytis 
eineroa, 609; see Panas: quinquefolium 
Gloesporium, pepper diseases, 68; vono- 
turn, sulphur toxic to, 60 
Gloeophyllumtmbeum, 294; abietinellum, 
294 

Qlomerella oingnlata, 461; on grapes, 618; 
sulphur tosio to, 60-; gossypii, 502; 
rufomaeulans, 462 

Gnomonia leptostyla, cause of leaf-spot of 


butternut, 411; perfect singe of Mtir- 
Honifi juglundis, 411 

Godkin, Jamkh, SCO Reddv, Cuak. K. 

Golden s<*al, leaf blight due to Botrylis 
sp., 509 ^ 

Gooseberry, diebaek due. to IJotrj'tis 
eineroa, 609 

Grape, bittor-rot of, 518; blaek-rot of, 
298, 300, 515; blaek-rot losses of, 616; 
blossom blight of, 515; dead-arm di- 
.seasc of, 618; downy mildew of, 298, 
518; non-.selting of, 513-519; ])olleu 
injury hy rain, 616; phylloxera, 298; 
“rattles” disease of, 513; ripe-rot of, 
618; Relf-stei'ility of, 514; shelling di¬ 
sease of, 513-519; while-rot of, 291, 518 

Graves, Arthur IIarmount, The Me- 
lanconis disease of the butternut, 47; 
The Mclanconis disease of the but lernut 
(Juglane eineroa L.), 411-435 

Green, peach apliis, 511; rose a])hts, 512 

Grey mold, lettuce, duo to Botrytis 
eineroa, 509 

GiumTiis, Marion A., see Tisdale, 
W. II. 

Guignarida, bidwellii, lilossoni blight of 
grapes by, 61H-619; vac<*inii, causing 
cranberry rot, 610 

Guiu diseases of sugar cane in the Philip¬ 
pines, 604 

Gynmoconia intoratilialis, 61; reaction to 
fungicides, 632-542 

Gynmosporangium e.lavipes, reaction to 
fungicidcK, 532 612 

IIalb, j. 1)., He(‘ Blair, H. J. 

Hansen, Bans II., Hevority of atlaoks of 
lilaek HtPm-ru.sl in Denmark 1884 to 
1021, 404-407 

Harter, L. L., Laubitzen, J. I., and 
Wbimbr, j. L., Mottlo-necrosiH of 
sweet potatoes, 146-146; Internal break¬ 
down of sweet potatoes, 146-147; see 
Laubitzen, J. I. 

Habtob, Lena, see Hotson, J. W. 

Harvbt, R. B., Biography of Elias Judah 
Durand, 408-409 

Haskbll, R. j., Fourth summer meeting 
American Phytopathological Hocicty, 
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160-152; Notice of iuicrnational con¬ 
ference of phytopathologists in Holland, 
June 26 to 30, 1923, 287, 288 
Hbald, F. D., Copper caibonato bunt 
problem, 611; and Boylb, L. W., 
Further observations on the relation of 
the spore load to the per cent of bunt 
appearing in the crop (title only), 611; 
and Boyle, L. W., Fiu’ther notes on the 
relation of the spore load to th^ per 
cent of stinking smut appealing in the 
crop, ZZ4r-Zyi] ZuNDEL, C, L., and 
Boyle, L. W., The dusting of wheat and 
oats for smut, 169-183 
Heart-rot, of chestnut, 562; oi oaks, 662- 
663 

Heat treatment, for potatoes, 465-476 
Helianthus, annuus, taxonomy of Sclero- 
tinia on, 496-499; debilis, host of 
Hctcrodera radicicola, 442; tulierosus, 
499 

Helminlhosporiura, califomioum n. sp., 
on barley, 662; gigantoum, zonate eye- 
spot of glasses, 59; gramineum on 
barley, 562; guianensi3 n. sp., on 
Theabroraa cacao, 249-250; heveae, in 
Ceylon, Java, Malay States, and South 
India, 483; in Sumatra, 483-487; on 
manihot, on papaya, and in rubber 
nurseries, 481; sire of hpore.s of, 485—487; 
oryzao, disease of lico, 63; sativum, 
causing black point, 49; on barloy, 502; 
variations in lenglh of hiiores, 60; 
scsameuni, disease of Sesamum inclic'Um, 
53; Icica, on barley, 602 
Hemlock, wcsleru, host of F<mic‘j> piuieola, 
611 

Hemmj, Takkwo, On the relation of tem- 
Ijcratuic to the damping-off of garden 
(>rosa hcodlings by Pythium dcBaryanum 
and Cortieiuni vagum, 273-282 
Henbane, boo llyoaoyamus niger 
IlBNttY, A. W., Some fungi causing black 
point of wheat, 49; The pathogenicity 
of Fusarium monilifomie Hholrlon on 
coroalH, 62 

Hetorodera radicicola, breeding plants 
rosiatani to, 436-460 

Iletorothallwni, in Ojihiobolus cariceti, 36 


llevea biasiliensis, host of Ilelmintho- 
sporium heveae, 483-487 
lIiOGiNb, B. B., Seed tieatnient in the 
control of pepper distxisos, 57-68 
Ilippcastium, cqucsiic, “mosaic” of, 42; 
johnsonii, iiitrni cllulai bodies associated 
with a mosaic, 41-42 

Hockey, J. F., Blue stem of the black 
raspberry, 293; The control of raspberry 
mosaic, 292 

Hollyhock, ru&t on, 299 
Hoon, E (4., see Di< KbON, B. T. 
HoPKiitfc., E. F., the Sphaonilina leaf-spot 
of clover, 69; 117-126 
Ilojiper burn in Vcimont, 237-241 
Hordeum, deficient, host of Soptoria pas- 
serinii, 15; distichon vars. oieetum, 
nudum, nutans, hosts of Beptorin paa- 
scrinii, 15; horsloidiaimm, host of 
Beptoi ia paH*-oriiui, 15; miurinuiu, hybrid 
sterility of, 438; vulgare, Soptoria leaf 
blotch of, 3-7; vulgare, vars. coeru- 
lesccns, hexastiichum, himaloya, ni¬ 
grum, pallidum, tiifui(*n(um, ho.sts of 
Beptoria passennii, 16-16 
Horse bean, see Vicia fuba 
IloTsoN, J. W., and IlAuraB, Lena, A 
disease of tomato caused by rhvtoph- 
thora mezicaiia, sp. nov., 520 631 
Hot water, cxpciiments with, for contiol 
of barley smuts, 15.1-IGO; treat nient of 
cabbage .seed for Phorna lingem, 251 -253 
ffowAUn, Nathanikl 0., Tho rclntiori of 
an undeseribed .six'cies of Poiialoania 
to a di<-easc of (’innamomurn ciunphora, 
47 

Ilowrrr, J. E., Two diseases new to 
Ontario, 291; and iS'roNn, K. IC., Ab¬ 
stract of five years* cooperative experi¬ 
ment s in tho prevention of oai smut, 202 
UtTNaBUFOBO, 0. W., A Fusarimn wilt of 
spinach, 205-209; A serious disoaso of 
wheat caused by Bolorotium rhizodes in 
Idaho, 463-464; Results of tests with 
copper carbonate in Idaho, 612; Pre¬ 
liminary results of oxpcrimentR with 
leaf roll and mosaic in Idaho, 511, 512 
Hunt, N. Rex, Notes on the oceurreneo 
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and growth ot caiikei'i of KndoUua 
parasitica, 36(}-37l 

Hyoscyamus, aureus, host ol Bactenum 
vcbicatonum, 311, 314; mgei, hoht of 
Bac'teiiuiu vesical oiium, 311, 314 

Ilypodermolla hiricw, causing leaf cast of 
Larix occidentalia m North Idaho, 
505-506 

Immimity of Prunub liossoyi to aphis, 438 

Inland Empiie Section of the American 
Phytopat hological Society, Pacific Di¬ 
vision, organization of, 611 

Inoculation,* cross, with Hctorodei<i imli- 
cicola, 44^2 

Insects, canieis of mosaic, 555-557; 
as agents for oveiwinteiing mosaic, 
655-567 

Internal bicak down of sweet potatoes, 
140-147 

International conference, Holland, 147- 
148 

Intracellular bodies, in the phloem tissue 
of certain plants and their bearing on 
the mobaic problem, 326-329; asbociated ’ 
with rosette of wheat, 41; asbociatod 
with mosaic of Hippeastrum johnsonii, 
41 

Ipomoea, syringaefolia, host of Hetorodora 
radicicolu, 442; tiichocarpa, Texas root 
rot, 33 

Iiis, bacteiial soft rot of, 293 

jACKbON, H. H., see Mains, E B.; m'o 
Oardnor, Max W. 

Java, Ilohninthosporiiun lioveai* in, 483 

Johann, IIulkn; Influonce of teiupemturo 
on the morphology of Pusarium sporcb, 
61; DiCKbON, jAMMb CT.,and W inkiand, 

Grace, Relation of environments to 
infection of corn aeccllinp^ by Diplodia 
zeae (Bohw) Lev., 62 

Johnson’s mixture, toxicity of, 682-642 

JoHNbTON, C, 0 , Wheat smut invesfi- 
gations in Kansas: Report of progress 
1920-21, 36; see Mblchbrs, L. E. 

Jones, Edito Sbtmour, Taxonomy of 
the Sclerotmia on HeUanthus annuus, 
L. 496—499 


JoNus, L R , \\ ALKint, J C., and TiMb, 
E. (\, W'ork upon Fusanum-Resistant 
cabbage in 1922, 57 

Juglans, ciueiea, Mchuicoiiis disease of, 
411 435; nigia, lu»st ol Mclanconis 
juglamhb, 113 115; legia, host of 
Melanconis jugliuuUs, 115; iii>st of 
Mehmeoninm juglandinum in Europe, 
414; sieboldiana, hobt of Mclanconis 
juglandis, 115 

Juniperub virginmna, Polysl ictus pinsitus 
on, 185 

Kamcd, bUbceptihility of F, hybrids with 
Maiipiib to stem lust, 437 
Kaiibos, wheat smut investigations, 30 
KBMi‘r«N, F E, Pi ogress in haiborry era¬ 
dication, 48 

Kendrick, James B , see Gaudnur, Max 
W. 

Kentucky blue grass, Heploiia leaf blotch, 
11-13 

KiniiOtran, D. T., bee TAunENHAXit., J. J. 
Kirbt, R. B., Iletorothalhsm in Ophio- 
bolus caiicoti, 35 

Kofoid, Charleb a., Sevbuin, IIbnuv 
H. P,, and Swbzy, Odivh, Nelaon’h 
spiial bodies in tomato uiobuic not 
proiozoanb, 830-331 

KoriLA, .T. E., and CooNb, G. H., Hpruying 
and dubting ]K>tntoes in 1922 at (’hu- 
tliam, Mudiigan, 61; Trypmiosome-liko 
bodies ill HolanaceouH plants, 321 325 
Krout, WnBwri'UtH., Aiijilc bciib I’oiilrol in 
Massachusotls, M 

Kunkclia nil ens, 01,09; on blnckhori y, 508 

Lactiiea, Halivti,, ho.st of lUdcKKleiu vtuUci- 
cohi, 442; Hcariola, as host of MaiNHimia 
panuttoiiiauft, 610 
LaRtiporuB stmoiosuB, 294 
Larch, loaf oast of, 606 
Larix, occidcntalis, leaf oast due to llypo- 
dermella laruis, 60.5-606; bp,, hont of 
Phomopsis psoudotbugae, 301 
La Rub, Carl D., Ilelminthobporium 
hevoae in Sumatra, 483-487 
Lasiagrostissplendens, host for zonate eye- 
spot, 59 ' 
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Lauritzen, J. I., and Harter, L. L., The 
relation of humidity to the infection of 
Bweet potatoes by Rhizopus, 5fij see 
Harter, L. L. 

Leaf blight, golden seal, periwinkle, due to 
Botrytis sp., <500; lilac, due to Botrytis 
cinerea, 509 

Loaf cast, of Larix occidentalis, 506-506 
Leaf curl, raspberry, 507-608 
Leaf, curly, o sugar beets, 458-460 
Leaf roll, potato, effect of heat treatment 
on, 405-475; potato, experiments with, 
in Idaho, 511; of potato in Northwest, 
39, 40 

Leaf rust of cereals, ovorsummering of, in 
Kentucky, 338-340 
Leaf scorch, strawberry, 508 
. Leaf spot, angular, of tobacco, 140-144; 
of butternut, 411; of cherry, 508; of 
clover, 59,117-126; disease of onion and 
garlic, 362-305; of peony, 290, 292; 
strawberry, 508; of apiilo, 290 
Leo, H. Atherton, Gum diseases of sugar 
canc in the Philippines, 504; Sereh 
cliscuse of STigar canc in yingaporo, 146; 
and Serrano, F. B., Banana wilt of the 
Manila hemp plant, 253-250 
Jjoersia virginica, host for zonato eye-spot, 
50 

Lbonian, Leon H., Thu physiology of 
pcrithocial and pyonidial fornmlion in 
Vnlsa Icucosloma, 267-272 
Lopidium std-ivutn, damping-off of, duo to 
I’yt Ilium tlcBaryanuin 273-2H2; due 
Ui Clorticiurn vuguin, 273 282 
Jjoplosphaeria avLuiaria, on Avona bar- 
bata, A brevis, A fatua, A. nucla 
chinensis, A, saliva nigra, A. sativa 
orUmlalis, 14; A. sterilis, 14--ir); A. 
strigosa, 15 

Leptosphaoria ooniothyrium, on rnap- 
berry, 508 

Jwottuflo, anthraoiiOHC of, caused by Mara- 
Honia panattoniana, 610; grey mold due 
to Botrytis cinerea, 609; leaf spot of, 
dtio to Corcospora lactuoae, 289; 
mosaic of, 104-106; mosaic, tip bum, 
bottom rot, drop, Botrytis rot, Botrytis 


sj)., Rhizuctoniu sj)., ydorolinia liber- 
tiana, 608; sec Lactuca sativa 
Levine, Michaee, Studios on plant, 
cancers—V. Leafy crown galls on to¬ 
bacco plants resulting from Bacterium 
tumofaciens int>culalions, 107-116 
Levine, M. N., and Btakman, K C ., 
Biologic specialization of Puceinia gra- 
minis sccalis, 36; see Stakiwan, K. C. 
Lightning injury to tomatoes, 147 
Lilac, leaf blight due to Botrytis cinerea, 
509 

Link, Geo. K. K., Mosaic and loaf roll of 
the potato in the Northwest, 39; 
Ramsev, G. B., and BAiuEy, Auob A., 
Botrytis rot of the glolie artiehoko 
(Cynara seolymus), 68 
Liquidambar styraeifliia, Polyst ictus flori- 
danus on, 184 

Lotus corniculatus, host of Iloterodora 
radicicola, 443 

Lutman, B. F., An outbreak of hopiier 
burn in Vermont, 237-211; Potato scab 
in now land, 241-244 
Lycium, chinonse, host of Baid-orium vesi- 
catorium, 311, 314; halimifolium, host 
of Baclorium vcsie,atoriuin, 311, 314 
Lycopcrsicon esculeutum, host of Ileioro- 
dcra radicicola, 412 

Lycoperaicum, csoulontum, Phytophthora 
diseases of, 620; by P. mexicann, 520 • 
531; pimpinncllifolium, host of Jliu’- 
toriuiu veaicatorium, 311 
Lygus pratensis, 612 

Mackib, W. W., Foot-rot or Ophiobolus 
in California, 561-662; and Paxton, 
G. E, A new disoiuso of cultivated 
barley in California eausod by Hol- 
niinthosporium califomictuoa, n. sp., 
662 

MacMillan, H. G., Oaiwo of sunacald of 
beans, 376-380; Potato mosaic nuwking 
at high altitudes, 39 
Macrosiphum solanifolii, 512 
Macrosporium, popper disease, 68; ou- 
otimorinum on cucurbits, 199-204; sar- 
einaeformo, sulphur toxi<s tiO, 00 
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Mains, E, B.. and Jackson, H. S., Aeeial 
stages of the leaf-rust of barley, Puc- 
cinia simplex, and of rye, P. dispersa, 
in the United States, 49; Strains of the 
leaf-rust of wheat, Puecinia triticina, in 
the United Stales, 36 
Maize, attacked by Sclorospora maydia, 
299; S. Philippinensis, 299; S. sacchari, 
299; S. spontanea, 299; mildew of, 299 
Major, T. G , Cultural reactions of some 
dry root-rot organisms, 291 
Malay States, Helminthosporium heveae 
in, 483 ' 

Malloch, W. S., The problem of breeding 
nematode resistant plants, 436-460 
Mandarin, citrus scab on, 492 
Manihot, Helminthosporium on, 484 
Manila hemp plant, wilt of, ‘263-256 
Marquis, susceptibility of Fj hybrids with 
Kmired, 437 

Marssonia panattoniana on lettuce, 510 
Matrimony vine, host of Bacterium vesi- 
catoriuTO, 311 

McCallitm, a. W., The present status of 
white pine blister rust in Canada, 291 
McClintock, J a., Aerial galls of peach, 
45 

McCubbin, W. a., Plant pathologj' in 
public schools (Title only), 293 
McIntosh, G. Ifl., Address l)y Dominion 
Fruit Commissioner (Title only), 290 
McIvinney, II, H., Eokebson, Sophia II., 
and Webb, R. W., Intracellular bodies 
asBooialcd Avith the rosetie disease of 
wheat, 41; Intracellular bodicrf assuei- 
ated with a “mosnio” of Hippeastruin 
johnsonii, 41; see Dooun’LB, S. P. 
Medicago hispida reticulata, liost of 
Heterodera radicicola, 443 
Melanconia, carthusiona, relation to Me- 
lanoonium iuglandinura, 414; juglandia 
(E. and B.) comb, nov., description of, 
416; diseane of buttwnut, 47, 411; on 
Juglans nigra, 418; perfect stage of 
Melanoonium oblongum, 412; sacchari, 
calcium osaUedsfe crystals associated with, 
418 

Melanoonium fuligineum, on grapes, 618; 
juglandinum, on Juglans regia, 414; 


relation to Melonconis earlhusiana, 414; 
oblongum, acervuli of on butternut, 
411; disease of butternut, 47; imiMjrfcct 
stage of Diaiiorthe juglaiuiis, 414 
Mclanose of citrus fruits, 45 
MELCHBRa, L. E., un<l Johnston, (\ ()., 
Corn root, static, and ear-rot disoiiw* in¬ 
vestigations in Kansas: Re{)ort of 
progress 1922, 52 
Melhtts, I. E., see Gilman, J. C . 

Meliola, disease of cacao, 247-250 
Meliotus, alba, culture host for Ojihio- 
bolus cariceti, 35; gulanensis n. sp., on 
cacao, 248-249 

Melons, a greenhouse ilisease of, •162-463 
Mercuric chioride, 470, 501; potato seed 
treatment with, 500 
Mercury, organic, seed disinfectants, 38 
MKrcALP, Havmn, White pine blister nist 
in the Northwest, 46 

Mildew, powdery, of clover, 290; rasp¬ 
berry, 508 

Miscanthus japonicus, host of Sclero- 
spora Philippinensis, 299 
Moisture, influence on blight of wheat and 
corn, 50 

Moldy seed, ginseng, duo to Botrytis 
cinerea, 500 
Moiiisiaeorliana, 508 
Mosaic, diseases, relationships of, 555- 
567; of sweet potato, 42; lettuce, 508; of 
lettuce, transmission by s(‘(‘ds, 101 106; 
oi’curreucc of protozoa in, 41; new host 
for potato inosuifi (Nicandra pliysa 
lohles), -tO; of peony, 292; potato mo¬ 
saic, masking at high allitudes, 39; 
exijcriments with, in Iilaho, 511; heat 
treatment for, 465-475; <jf potato in 
Northwest, 39; problem, intercellular 
bodies and their boaring <«i, 326 32t); 
intracellular bodies associatetl with 
mosaic in Hippeastrum johnsonii, 41; 
raspberry, 607, 508; ra8pi)erry, control 
of by rogueing, 292; of sugar eano, 24- 
29; temperature studios, in mosaic 
diseases, 42; tomato, field control of, 
372-375 

Mottle-necrosis of sweet potatoes, X-IS 146 
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Muoor, racomosiih, in lohition lo dtin)])niA 
off of (‘oiufois, 3S7-391 
Muhl(‘nlKirjj,u», nioviotiua, hosi foi /,ona<o 
cye-F.po<, 59; schrcbori, liosf ft)r /ouatc 
eyo-spoi, 59 

Musa tiCxtilis, wiU of, 255 25r) 
Miiskinplon, sco C’ucumih molo 
Mycosphaerella, fragaiiac, on slrawi)erry, 
508; mbina, E’lumia hiagc on rasj)- 
bernoa, 4t 

My/us pprhicac on potato, 511 
Nock rot, onion, 509 

Nelson, Ratt, The occnrrt'iico of protozoa 
in plauifl nffoctod with mosaic and ic- 
lated difloasefl, 41; soo Coons, (t, fl. 
Nelsou’fl spiral bodies in tomato mosaic 
not protozoans, .550 551 
Nematode, iireeding plants resistant to, 
456-4.50; dandelion, 508 
Newiiall, Allan C , The importance of 
the Phoma stage ol MyciKsphueridUi 
nilnna eausmg spur blight of rasp¬ 
berries, 14; Heed transniissiou of lettuce 
mosaic, lOt 100 

Nicraudra phyaloides, a new host for 
potato mosaic, 40 

Nieotiana, rustiea, host of lliwteiium 
vosieaturium, JJll, 514; labacum, host 
of Hot erodera radicola, 412; var. lluviiii- 
ensis, tetrnmeroiis flowers in, 457; var. 
purpurea, laek of tetiamerous flowi^rs 
in, 457 

Nieotme sulphate, 507 
Noblw, 11, (}., Htudies on Urocy^liH (ritici 
Koern., the organism eausing flag smut 
ofwlKsit, 127 159 

Nonoa rosea, host for atsdal stagi' of leaf- 
rust of rye, 19 

Norway poplar, Dothiehiza populea on, 
245 247 

Nysitis ericao, 512 

Nyssa sylvatiwi, Polystictus pargainetms 
on, 185 

Oats, dusting of, for smut, 109 185; smut, 
control of, by copper carbonate, 201 292 
OcFUMiA, G. 0,, ilelminthosporium <li 
Boaue of ri<>o, 55 


Oodncpphalum, suscei>til)iht> ol tocopjier, 
559 

Olpuhum, biassnae, on eabliage, 151; sp 
on loots of tomato, (oImcco and cab 
bage, 151-151 

Onion, formaldehyde tank lor tmion <hill, 
.58; Knsariuin, .508; Kusaiium rot of, 
510; Icaf-s})ot of, 562 5('»5; iic»4v nil due 
to Ho(r\lis allii, .50f); pink loot of, 290, 
291, 508; seedlings, llic relation of sod 
moisture to lorinaldehyde injurA of, 
592 405; smut, 508; tieatmeni with 
fonnaldehytle, HU 168; Uroeystis eeini- 
lae. .508 

Onion drill, impioved formaldehydi* tank 
for. 161 

Ophioholus, enrieeti, Ilelerothallisin in, 
35; gramims, on wheal in California, 
.561 562 
Orange, 192 

Orange rusts of Rubus, 61 71; of black 
liorry, 508 

Oim)N, C. It., see IValton, H 
Obton, W a, and lipATriK, H. Kpni’, 
Tlu‘ biological Imsis ol foreign plant 
qua rani inrs, 295 506 
OsMXTN, A. V., and Anpluson, P. J., Au 
improved formaldehyde tank for the 
- onion drill, 58; see .Vnplbson, P. 5. 
Ovenmmineruig, of eeieal leaf rust, 558 
540 

Oyalatt*, ins'siMiei* in fungous lilt rates, 
0.vygt‘ii relations, Uroeydis iritiei, 155 
151; Pucci nia eoronatn, 155 

Painh, S\pnm (5., and CitAmuituu, lb, 
'I’he blaekh'K disisise jgf the potidu. 
On the- reln1ioi»^ii«|> if Hiudllus «lru 
sept icuH and liamahm Hokmisupius, •'tfiU 
561 

I*auax quiuquefoP t of lleletudeuv 

rtwlieieola. U' 

I*apaya, I*^ m, U** *—■ 

Caries ] 

I*aiiieuir * 
toiuiflu 

Par 



XIV 


Ind^jx 


Parifa daisy, host of Bacteiiuui tunic- 
faeienh, 87-R9 

l»aris daisy, host of Bacierium tumefa- 
cicns, 87-89 

Parker, C. S , C'oryneum blight of stone 
fruits in Washington, 610; Notes on the 
anthracnosc of lettuce, 510 
Paxton, G. E., see Mackib, W. W. 

Pea, intracellular bodies iu tissues of, 
326-329; root rot and blight of, 293 
Peach, aerial galls of, 45; host of Coiy- 
noiiiQ beijerinckii, 510; Polystictus 
hirsntus on, PoBst ictus lactous on, 185 
Pear, fruit rot due to Bntrytis cincica, 509 
Pecan scab, Fusicladium otfu&uni, 300 
Pectic fermentation, by Bacillus carato- 
vorus. Bacterium augulatum, B. cam- 
pcstro, B. sojae, and B. tabacum, 381- 
3S4«-^ 

Penicillium, susceptibility of to copper, 
539 

Pcnnisctiim japonicum, host for zonnte 
oye-spot, 59 

Pennsylvania, apple blotch infection in 
1922 in, 43 

Peony, blight duo bo Botrylis cinerea, and 
B. poeoniae, 509; diseases, 292; blight 
by Botrytis paeoniae, 292; blotch by 
CladosiKirium paeoniae, 292; leaf-spot 
by Septoria paeoniae beiolinenais, 292; 
mosaic, 292; leaf, petal and stem spot of, 
^ by Hoptorin paeoniae borohnonHis, 290 
Pepjjcr, seed treatment in di«cafecs of, 57; 

baotoiial spot of, 307-816 
PeriwinWlc, ieaf blight duo to Botrytis sp., 
600 ^ 

Porsonals, 148-149; ‘289; 410; 40*1: 663 
Pestalozaia, rela^ Jw of an imdescribed 
apecioB to a of the camphor tree, 

47; gnoijdnib ^guepinii vaccinii, 
ojiuaingc^^ >410 

^^ide infection 


sonaie eye- 

radi- 

leia 


ladicicoln, W2; vulgaris, authracnohc of, 
310 323 

Philippines, gum di'-cascs on sugar cane in, 
501 

Phleuin pintense, host f«ir soiude <*\c-npot, 
5!); host of list dago stnaefoiiuis, 38 
Phl\ ct.'iena linicola, disea'-e of flax, 53 
Phomn, nil-402; stage of Mycoaphaeiella 
rubma on ias])beriieH, 41; destiueliva, 
pi'ppei' disease, 5b; iingaiu, hot wnter 
ii eat incut in calibagc seed, 251 253 
Pliomopsih, sp., causing crnnbeiry rot, 
610; sulphur toxh* lo spp., 00; citn, 
inchiuoflo of citruH fruita, 45; juniporo- 
voia, in relation to damping-off of 
<*onifeis, 387*391; pseudotsiiga, on 
Pseuilotsuga, Tjarix, Tsiiga, and Abies, 
301 

Photography, photographing sjiore dis¬ 
charge m apotheeia, 30 32 
Phyllaehora trifolii, 118 
PhyllostK'ta, congest a, on plum, 162 
Physiolog)', of poiilhi'eial and jiycnidinl 
formation in Vaha leucostoma, 257 272 
Phytopathologieal notes, 145-118, 187, 
283-289, 410, 401-401, 604 500 
Phytopathologistb, notice of inlornational 
conference of, in J lollaiid, June 25 to 30, 
1923, 287, 288 

Phyllostictu solilana, infection in 1922 in 
Pennsylvania, 43 *44 

Physalia spp, as inonnic carrier, 655; 
lieterophylla, Iiost of tomato mosaic, 
372-376; minima, UosI of Biudorium 
vcsicatoriuni, 311, 311; p«b<‘BceuH, luwt 
for iHitato mosaic, 41; wibglabriita, 
overwintering of tomato mosaic on, 
372 375; virgiuiuna, host of tomato 
HHwaic, 372 

Physiology, of idnnt imthogeiiic biuderia, 
381- 384 

Phytojihthora, evidence indicating tiiai ii 
bhould bo merged with Pj'thium, 34; 
allii, 629; arecao, 623, 629; eactorum, 
626; capsici, 620; colocosiao, 629; 
eryptogea on tomato, 620, 620; ery- 
throseptioa, 624, 626, 629; iufestans on 
tomatoee, 620, 520; on Ito’a variety of 
potato, 66; melongonao, 629; ttiexi- 
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cana, n. pp., on tonmto, ,'>20 5.'U; 
tochnioal dcpoription of, /)29-/).S(); para- 
hilica, 527, 529j jjhapooli, 521, 520 520; 
lerrcsiria. tm loinato, 620, 527, 520 
Picea GUfjiolmanni, danipinf^-olT <tf, 3H5 
Pipcon pou, wilt of, 513 
Pink root, of onion, 200, 201, 608 
Pinlis allncaulip, U<»sl foe whito pino l)liHtor 
ruht of Euroj)o, 45; ))alf(mriana, clonbt- 
fnlly infoclod with while pine blislor 
rust in Eurojic, 46; bauksiaua, ilanipiufi!- 
off of, 385; koraioasiy, hosl for while i)ine 
IdLslcr rust, 46; inonlieola, 511; ho,st of 
Foinos piuioola, 511; ho.st for white pjne 
blibter rasl in Nortliwest, 40; reyinoHa, 
(hiniping-off of, 386; .strol)iliforinLs, 
inoculated with white pine blisler rust, 
45; slrobus, foreign btudies (»f white 
pine bli.ster ruHt, 45; host for white pine 
blister rust in Northwest, 40 
Pipto]iorus suberosus, 201 
Pisiiin sativum, host of lleterodera rndi- 
eieola, 443 

riant, disease survtw of England ami 
Walcss, 410; diseaww of 1022 in western 
(iuehoc, 200; q\mrau(ines, foreign, 
biological basis of, 205 300 
Pliusmopara vilieola, on grain's, 518; sus- 
eoptibilily of to copper, f)30 
PlatanuB, 185 

PleoBpha<‘riilina, 117; briosiana, 122 
Plum, blotch of, 401 102; fr\iit rot tlu(' to 
Botrytis einerea, 600; Polyslielus hir- 
Huius on, 185; Polystietus hieteus on, 
186 

Poa prutensls, host of Septoria uodonun, 
and Heptoria (riliei, 18; host for /,(mide 
ey<'-Mpol, 50; host of timothy rust, 38; 
8i'i>toria h'uf Idoteh of, 11 13 
Polyporiis, barlau'formis, see I’orhi papy> 
rm'oa; Hmhuh, 201 

PolystietiiM, abielimw, on Aides graudls, 
184; on Abies balsamea, 184; on Thuja 
jdieala, 184; on Tsugn UeteropUyllu, 
184; bifomiis, on Fagiw atroiHmi<*ea, 
184; on Quoreiw rubra, 184; eerviuns, 
Bce P, bifomiis; cinnaharinus, on Hetuta 
oecidentniis, 184-180; eoneUifer, on 
Ulmnsspi)., 181; floridamis, fmf'luimue* 


eyparis thyoule.s, 181; on Ijuiuulamba 
Blyraeitluu, 181; hirsutuH, on plum, 
cherry, ]trune, pesu-U niwl apple, 185; 
on Acer ruhrum, 185; <»n Alims (emu 
folia, 185; on Helula oeeidenlali.s, 185; 
on (’astanea (h'utatii, 185; on tiuereus 
eoeeinea, 186;ou Q. jirinus, I85;lne(eus, 
on plum, ehorry, iieaeli and apph*, 
Acer, Platiinus, (^ucreus ami Ailanthu,s, 
186; pargameniis, on Acer saecharum, 
185; oa Hetuhi lutea, 185; on I'Ta'tinus 
amerieaua, 185; on Ny«‘-a sylvatiea, 
186; on Ikipulus tremuloidi's, 186; on 
Qtiereas alba, 186; on Q. csieeinea, 185; 
on il. marilamlica, 185; pinsiluH, on 
('liamaeeyparis Ihyoides, 185; on Juui- 
pi'rus virginiana, 185; versieolor, J85; ^ 
2 oiud(i.s, on Po]>iiIus, ap., 185; on Hali-« 
sp., 185 

Polyslietus and <l(*eay of living IrePa. 

r«4 18t> 

Pojmlns, eugeuei, Dothieldza popnh'H oi'i* 
in Ohio, 215 217; 1 irmuloides, Ptd/’- 
.stietiis pargamemis on, 185 

Porin, lindbladii, see J’olystietiis Iloridd* 
nus; papyraee.i, mi Ohmnaecypar'f’ 
Ihyoides, 187; on 'I’huja oeeidenlalr , 
187; subaeidn, 25)1 

Poroilaedalea jiini, 25)1 ' 

Porfnlaea oleraeia, host of Ileleroilera 
rmlieieola, 4 12 

Potato, agar, formula of, 514; mosaic 
diseases of, 555 557; Alleinnna blighl 
of, 100; lilaek leg disi'jise, 355) 301; 
emises of slem-end da rolorations, 65; 
Ito’s variety in New York, 56; dheii'e,'. 
of, 40; marginal leaf roll, 40; spindling 
luher, 40; Dutch varieties irsMant. to 
war! disease and inleinal brovm siiot, 
51; host of Dueleihim veaiealonum, 
307 315; trypanosome liki' bodies in 
tissues of, 321 325; hoi water and liol 
air lienlment, 55, <105 176; moss 
masking a.1 high alli*\jdes, 30; mi» 
and leaf roll in the Norlhwesl, 
pn'spriukling before seed liealn 
512; rPHuIls of {*‘.<ilment for Ill 
U»nia, 600; n'Kidts of exiMwiments 
leaf roll ami moKide in Iilaho, 511* 
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in new land, 241-244; hopper burn of, 
237-241; seal), sulphur for the control of, 
612; relation of soil moisture to, 231- 
236; seed treatments, 341-358; thermal 
'leath point, 165-475; spraying and 
dusting of, in 1922, in Michigan, 54 
Powdery mildew, of raspberry, 60K 
Precipitated sulphur, 507 
Protozoa, occurrence in plants affected 
with mosaic, 41 

Prune, Polystictus hirsutus on, 185 
Prunus, americana, susceptibility to Aphis 
attack, 438; besReyi,immxmity to Aphis, 
438; hortulana, 462; persica, host of 
Heterodera radicicola, 443; triflora, 462 
Pseudotsuga, sp., host of Phomopsis 
pseudotsugae, 301; taxifolia, Fomes 
■'..pinicola on, 511 

iCcinia, anfirrhini, reaction to fungicides, 
532-542; coronata, oxygen relations, 
133; dispersa, on rye, 49; graminis and 
barberry in Denmark, 401-407; gra¬ 
minis aven&o, biologic specialization of, 
36; graminis seealis, biologic spoeinl- 
ization of, 35; graminis tritiei, sus¬ 
ceptibility of F, hybrids of Kanred and 
Marquis, 437; simplex, on barley, 49; 
tritioina, strains in United States, 36 
f’urslano, sec Portulaca oleracea 
Pyropolyporus robiuiao, 294 
Pyrua malus, Fusieoceum on, 226-230 
Pjrthium, evidence indicating that Phy- 
tophthora should be merged with it, 34; 
artotrog:us, in relation to damping-off 
of conifers, 387-391; related to blossom- 
end decay of watermelons, 57; dcBary- 
anum, relation of temperatiire to the 
damping-off of gjirden cress soodliugs, 
273-282; in relation to damping-off of 
conifers, 386-891; wntcnnelon decay, 67 

Quack grusa, Seplorialoaf blotch of, 7-8 
H. M., see Botjeb, J. Cortwxn 
Hierwts, alba, Polystictus pargatnenus 
on, 186; coccinea, host of Polj'ponis 
praguei, 288; Polystictus hirsutus on, 
86; maryland:''a, host of Polyporus 
>raguei, 288; Polystictus pargamenus 
a, 186; prinus, host of Polyporus 


spraguei, 288; Polysliclus pargamenus 
on, 185; Polystictus hirsutus on, 185; 
ruhra, host of Polyporus spraguei, 288; 
Polystictus bibwmih on, IKl; vohdinn, 
host of Polyporus hpraguc'i, 2SS 

Raicdeu, J. M., IfltTcct of presi)riiikling 
with water on t he hot formiildehydi' and 
corrosive sublimate nudhods of potato 
se«l treatment, 512; Preliminary re 
Hulls with the use of sulpluir for the 
control of ])ntato seal) in Idaho, 512 
Ramsht?. G B., see Link, Gmo. L. Jj. 
Raspheiiy, black, blue stem disease of, 
293; mosaic of, control of by rogueing, 
292; Phoma stage of Myci>s]>haercUa 
rubina on, 44-45; diseases, 507;yellowH, 

607, mosaie, 508; eastern blue-stern, 507, 

608, loaf curl, 507, 508; rogueing for, 
607; powdery mildew, 608; fruit rot rhn‘ 
to Botrytis cinorca, 609 

Ratubon, Annik E., Damping-r>lT of 
taproots of conifers, 38.')-39l 
Red clover, see Trifolium ])rateusc 
Reddick, Donaud, llo’s potato vjrricty 
Ekishirazu in Now York, 56 56 
Reddy, Ciias. S., and Godkin, .Iamios, A 
bacterial disease of bromc grass, 75- 86 
Report of the fourteenth annual meeting 
of the American Phytopathological 
Society, 188-198 

Rkppbbt, R. R., Cartoons in Agricultural 
teaching, 33 

Rosistanco to ncmatodt‘s, 436 450 
Rhoosporangium, aphauidermatua, in re¬ 
lation to damping-off of (‘onifers, 387- 
391 

Rliizoctonin, dihcaso of flax, 53; notes on, 
509; potato seed trealmeni for, 509; 
potomaecnsis, in r<*lation to dainphig-off 
of conifers, 387 391; solatii (Gorliciuin 
vagum) in relation to daiui»iug-off of 
conifers, 387-391; sp., on lettuce, 508 
Rhizopus, relation of humidity to in- 
fection of sweet irotato by, 66; nigricans, 
susceptibility to fimgieides, 583-642 
Rhoads, ARraina S., Notes on the failure 
of grapervines to sot fruit and on shelling, 
613-619 
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E^es, auieiifaiiujn, liobt of Cronartium 
/nbicola, 285; aureuni, hobt of C’, ribi- 
^ cola, 286; cyno&bati, host of nhirola, 
286; sprayinR of against rust, 534; 
nigrum, host of (\ iilnoola, 283, 286; 
vulgarc, host of C. rilncola, 285; &pp., 
attacked by whito pine lilistor rust in 
Michigan, 285 

Rice, Hehninihospoi lum di'^case, 53 
Riehaid’s solution, composition of, 544 
Richaudson, J K., Bartenal soil rot of 
iiis, 293 

RikDe, a. J., The location of the crown- 
gall organism in its host tissues, 43; 
Some morphological responses of the 
host tissues to the crown-gall organisms, 
43 

Robekts, John W., A nndhod of isolating 
selected single spoies, 668-590; Apple 
bitter rot cankers in the eastern 
United States, 4(51; rium blotch, 401- 
462 

Robima pacudo-acacia, slime botlies m, 
327-328, 332-333 

Roguemg for raspberry diseases, 507 
Roldan, Emilia no, E., .see Wjillm.s, 
Colin G 

Root rot, of eaiimiig pess, 293; stnuv- 
bfirry, 50Sr^'<i3 uis. recent studicii, 33 
RoaOj'lflosKom blight duo (o Botrytis sp., 
605); host of Hactoriuni tuinefaciens, 
87-99 

Rosette, of riwpberry, 607; of wlie.d iiilia- 
collular bodies iwHooiuted with, 41 
Rot, due to Hotiytis ouieiea, on ti])ple, 
carrot, eruuberry, pear, plum, rasp 
berrj', stiawlienv, Hiiuash, 509; of 
lettuce, duo to Hotrylls, 508; oiuon, Iiv 
Botrytia iillii, 509; onions, <luo to Ku 
‘ sanum, 510; soft, of iris, 293; stem-end, 
of citnis fruits, 45 

Rots, eranborry, report on, 509 610 
Rubber, nuTHories, Ilolminthosporium di¬ 
sease in, 484; tree, Ilelminthospoiium 
heveae on, 483 487 

l^ubus app., hosts of orange rust, 03-74 
Rust, of asparagus, 300; of apple, 303; of 
cedar, 303; hlaelt steni, severity of 
attacks m Denmark, 1881 to 15)21, 


404 107; leul rust ol biirk'v and rye, 
49-60; leaf lUst of wheat m Ifnited 
Wates, 3(i; orange, of bla«‘kberrv, 60S; 
of sunflower, 290; white [line blistei, 
28;i; m the Norlhw'est, 1(5; infeetion 
.through grafted roots, 46; foreign stud¬ 
ies of, 46; in Miehignn, 285, 28(5 
Rye, leaf rustof,49;oceuiienec‘ol bunt in, 
210-216; Beptoria leal blotch of, 1 2; 
liost of iSopioiia'-oealis, 1 2; host ol Mofi- 
tona nodorum, IS; host of Si'ptoria 
tilt lei, 18 

iSnechanun, spontaiienni, host of Selero- 
hpoia IMiilippiiiensis, 290 
Haliv, 185 

Saniokd, G. H, I’he R'latum of boil 
moisture to the development of eoinriioii 
seal) of potato, 2:il 23(5 
Hcab, apple, control in Miissnchubotts, 11; 
of apple, 508; citrus, liibtorv of, in 
Japan, 492-45)6; of pecan, 300; ol 
potato, relation of soil moisture to, 
231 230; of potatoes m new huul, 211 
211; ])o1ato, use of biilphur for (he 
control of, 512 

BniMira, Hknuy, la'af east ol baiix oc- 
cideniulis b.v llypodcituella larieis 
Tnbouf in Noith Idaho, 505 50(5; 
Studies in woo<l decay V Rhysiologicjil 
siJoeinlization in Koines piiueola I’r., 511 
Hf'iiuii’r}!, 10, H, and Kolsom, Dovii.u, 
iSpiiMlling IuIku’ and oilier degcueml ion 
dis(»aM‘h of Irish potatoes, 10 
>Seh‘rohpoin, pioduclion of eoiudia at 
night, 31; J.ivamen, 31; grammicolii, 31; 
maydis, 31j on muisse, 299; I'hihppi 
nenMis,3l; on iiuuVc-, 299; on Maechariim 
sponlaneuin, 299; on Mi'-euntluw ja- 
pouicuH, 299; hnccliairi on uihIsms 290; 
siwchnri, 31; sponlnnea, 31; on'iimine, 
290 

Sclt'rolinia, di-.eabe on sunflowm*, 490 199; 
from upiile, 402; lavuioiny of, on 
Heliaulhuh anuuus, 49(5; einemi, atil- 
phiir (oxic to, 00; liberlianu, on dalilinH, 
2H6; on lettuee, 508; peii»lexn, 497; 
selcrotiorum. 497,499 
Hclerolium eompaeliim nt‘]iiin(lu, 199; 
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iliizodes, disease of wheat can&ed by, 
403-464 

Secale, oerealo, oocurrenoo of bunt in, 
210-215; SSeptorm loaf blotoh of, 1 2; 
hofit of So})toria uodoium, 16; host of 
Hoptom tiitici, 10, 18 

Peed, cotton, fungi from intciior of, 601- 
503; injury in treatment for control of 
loose smut of wheat, 38; transmifesion of 
lettuce mosaic, 104-100; tieatments, 
for control of barley smuts, 153-100; 
modified hot water and formaldehyde, 
151-lf"', clilorophol and copper car¬ 
bonate, 167-100; treatment in pepper 
diseases, 67-58; with organic mercuiy 
compounds, 38 

Reed-O-San, 176 

Septobasidium, fru&tulohum, on Fraxmus 
sp., 187; retiforme, 187 

Septoria, disease of rye, barley and certain 
grasses, 1-23; leaf blotch of rye, 1-2; 
leaf blotch ot barley, 3-7: leaf lilotch of 
quack grass, 7-5; leaf blotch of brome 
grass, 8-11; of Kentucky blue grass, 
11-13; agropyri, on Agropyron ropens, 
7-8, 18-23; broini, 21-22; on Bromus 
altiasimus, 9; on Bromua luermia, 8-11; 
on Bromus secalinus, 9; nodonim, 18- 
23; on Poa pratensis, 18; on Pecale 
eereale, Triticiun aeativum, T. com- 
paotura, T. dicoccum, T. duram, 10; 
T. monococcum, 17; T. polomcum, 17; 
bpelta, 17; T. turgiduin, 17; passerinii, 
18-23; on Ilordoum spp, 3-7; on 
F'«lpuni \nilgaro pallidum, 3; II. dc- 
ficious, 16; H. horsfordianum, 15; 11. 
diBtichou eicctum, 15; II. distichon 
nudum, 16; II. distichon uulans, 16; 
H. vulgare coerulesecns, 15; II. vulgure 
hexaatriohum, 16; H. vulgnie hiraalaya, 
16; H. vulgare nigrum, 16; H. vulgare 
trifurcatum, 16; secalis, 18-23; ou rye, 
1-2; on Secale cercalo, 16; tritici, 18- 
23; on Poa pratensis, 18; on ryo, 18; 
on Secale eereale, 16; on Tritioum 
aestivum, 16; T. compactum, 16; T. 
dxirum, 16; T. monococcum, 17; T. 
polonioum, 17; T. spelta, 17; T. tur- 
gidum, 17 


Hkukano, F. Bm ee<‘ Liun, If. A. 

Soieh (liseusp of stigar canc, in Singapore 
146 

Posanium iiidicuni, hosl of llclinintho- 
spoiiuiu sesaitK'uin, 53 

Pesbumn, host of Ileleiodi'ia liuhcicok, 
442, 443; macnicarpa, host ol Ilctcro- 
dera railicicola, 41.3 

PnVHUIN, JlllNttY II. I*., hOe KoFOll), 
CiiAunRs A. 

PiMMONDb, I*. M., se{‘ KltAHi;u, W. P. 

Single si)oio isolation melhodb, 668 660 

Plimc bodies in Jtobinia fiseiido-acucia, 
327-328, 332 33.3 

Smut, control of, by copper ciuboinite, 
293, 291; coutiol ol .stinking Miiut of 
wheat, 37; ol timothy, .38-39; coveml, 
on barley, 651-5.54, infection Htudies, 
,551-551; barley, exiierimeiils with hot 
water, formuldeliyde, copper carbonate, 
and chlorophol for tlie control of, 163- 
160; flag, of wheat, 127 130; loose smut, 
of wheat, treatineut for control, 38; of 
oats, control of, by copper carbonate, 
291“ 292; by fonnaldeliydc, 292; onion, 
608; 1r(‘atmeni for, 161 168; stinking, 
612; timothy smut, germination of 
Hporas, 38 39; wheal smut iiiv(‘st igathrift 

86 s,, 

Pnowball blossom blight iluc to Botrytis 
sp., 609 

Soil, moisture, iclatiou of, to foiniuldc- 
h>dt* injury i>f onion Hwdluigs, 392 403; 
relation to .seal) of {Hitato, 231 2510 

Hoja max, h<»st of Ilcterodeiii raditueola, 
143 

Solaiuvccae, mosaic tlis<‘aseh of, 556 

Polnuuin, car<)liiu‘ns(‘, as mosaic carrier, 
666; dulwwnara, host of Bac1(*riuin 
vesicatorium, 311, 311; nigrum, Imst of 
Bacterium vesieatonuin, 5111, 311; 
lObtratum, hofet of Ba»’torium vesica- 
torium, 5111, 314 

South India,liclminlhosporimn heveae in, 
483 

Soybean, see Poja max 

Spaulwnu, Pkrijky, Foreign studies of 
while pine blister rust, 46; Phuit disease 
survey of Englanil and Wales, 410 
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Sphaeronenm fimln'iaUuu, tiH<‘i{iCM’()ii.s.s<u(>t‘ 
- of, 36 

Spt&cruhnn, loaf <»f clovc'r, 117 120; 
• trifolii, Il7--I2t); Irilulii, l('nf spol tii 
clover, 69 

S]iinach, wilt of, chu' <o Kusariuiii spina- 
ciae, 205-209 

Spindling-tuber, and other (lis<'!ise.s j>f 
Irish potato, 40 

Spore, discharge from a])olheeia, photo 
graphing, 30-32; isolalion met hods, 
558-600; s(*lection, methods of, 65S; 
measurements of Ilelmiuf hosporium 
hevcjio, 486 

Sporouoma, oxycocci causing cranberry 
rot, 510; {ailvinatum, causing cranberry 
rot, 510 

Spot, internal brown, Dutch varieties of 
j)otato resistant to, 51 
Spraying and dusting experiments, in 
orchards, 607; potatoes m lt)22 in 
lilich., 64 

Sqimsh, storage rot due to llotryfis 
cinorea, 60!); see ('ucurbifa moschata 
Stakmaw, 10. (\, bMviNK, M. N., atnl 
llAiLUY, 1). Jj,, Hiologie sjH'ci.alization 
of I’uccinia graiuinis nvt'nae. 36; see 
JjfavTVM, M. N. 

Stalinp! products «f lungi, 33 31: oi lt(». 
trytis ci?ierea, 33 Ffl; ol Tiisaritim sp.. 
33- 34 

Slomphylimn sp., eiiusing eratdierrv rot. 
610 

Stent rot, of simdowt'r, 290 
St(‘rigmatocyf,( is, suseeplibility of (o 
coppor, 639 

Stbvwnh, V. r... and Dowkm,, Ilttnt 1., 

A Meliola disease of cacao, 217 269 
Sin^'IONMOM, K J., .s<>e (lAlNKl,. 10 . h \ 
Htiekers, htr spray mi\f tin's, 697 
Stinking siitut, 612; control, Ithi ih. 3; 
further imtcs on the relation of (he-niore 
loarl to, 334 337 

Stiisololmjm<lecringiatiunt, ho.‘ j of IIefer<» 
dera rudn-icohi, 443 

Stonk, It. P)., Jtoot rot and blight of 
canning petis, 293; st'e Hc.wihs J, 14. 
StoTuj fruits, Coryneum hlighf of in 
Washington, 61 t) 


Slortigo rt»t, of carrot and Bfnui.sh, 699; of 
cranbcrricH, 609-510 

Strawdierry, frmt n.t <htu to Hotrytis 
<‘Uicrea, 609; leaf-s]jot by Mycosplum- 
rclln fragjiriiu*, 608; leaf scorch by Mol- 
lisia earliann, 508; root r„t „f, nOH: 
winter injury of, 608 
Slrcjik. of imdons, 492 

Sugar beds, curly leaf of in Argciithu*. 
4.68 190 

Sugar c.anc. gum di.sease.s of, in the Wiilip- 
pin<‘s and Austmlia. .604; bacterial 
ilwciLst's, 601; ino.s:iic, tnin.sniissic*.'r by 
Aphis mnitlisin l^orto Uico, 21 29; rod 
vascular diwviho, .601; Scrcli <li.seaM<‘, 14.6 
Sulphur, as a fungi<.ide, 90, 177; for toliac- 
co lc:»r-spohs, M2; colloidal, aiul pre- 
etpdaled, .607; nwills on use of, to 
control pointo scab, 612 
Siilphurin aciil, .601 

Simiitlra, liehninthonporjum heveae in 
483 187 ’ 

SllMMKUttV, H., sec DtCKSON, Jl. T. 
Slimmer nictding of (h<> American Phybe 
^ p.Mthoh>gicnl Society, 607 608 
Sunllowt'r, host of Selerolinia, 499 199; 

rust, St da r«.t of, will of, 290 ' 

Siinseald, eau‘,<> of, on beans, 379 .’ISO 
Sui.ee,dibllily, of Primus amerieana lo 
aphistttlack, 138 

Swetd isai, introecdliilur bodies in (|.,sue.s 
•»f, 329 329 

Swtsd pnl!dne.s, tweigeroits stage itf Iduek- 
W'l fiingiiH, .6t}; mosaic diMSiscs of, 42 
13; iitiMlie necrosis. 116 119; intern t- 
break down, 119 117; ndatiou of 
htuuidtiy to iiifcdioii by iihiaoitus, 69 
»Sv\i!/,r, DnivH, see Koi<'oiu, CiiMinns A. 

Take all, of win.,,,, r,,ts 

Tanaka, 'rioAAminrt, A brief hislory of 
cdrusscab in .fapaii, 192 1*16 
'1‘nngplo, 492 

Taiigit, see < lirysaiil htuimm coronarium 
Imik, fornuildcltyde, for onion drill, 191 • 
198 

1ai>kk, \\ 1'*., Mo<{tiidI and Hituplifictl 

Im» 1-water iukI va|wtr (rcalitidit.s f»jr llm 
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control of loose snml m i }m wit' 
special refiToucc l(t sce<l it jin v, ;{^ 
Tarniflli plant biiR, t^)12 
TAUBfiNitAns, J. J., and Kna.ot’itU, l>. '{'< 
Hccciit slii(li(‘s on contiol inethoti- o( 
Texas root io(, :i:{ ; 

Tavoor, j \V,, see 'ITsuMjK, W. H. 
TAYiiOR, MiNNiH W., Wilde pme Mi4tr 
rust inlection through graitetl root', 
■10; .sec (Vii.iii'n, Kkuihau) 11. 
Teiuperutuie, inrielalioii to growth ot 
Macrosporimu*I'ucumeinmm, ItlU ilht; 
mflucnce on blight of wlieat luul corn, 
50; intluence ou rnoi’iihologv of Kusa- 
riuiii siiorci, 51; ndutn ii of, to tlu' damp¬ 
ing off of garden cieas si'cdlings by 
Pvthiuni doBaryumirn and tNirtirdunir 
vaguin, 27!1 282; relations, ( rocyj^tls 
tritici, ItiO-bJtl; studies in moHuic tli 
soiwiCH, 42 

Texas root rot, on Ipoinoea trichoeari«i, 
33 

Thcahroino cueuo, IMeliola gUfAXtonsiSf 
and nelininthusporhim guian^iuiB, on 
247-250 

Tiiomvson, Nown F., Ertulienlmg the 
eoiunion barberry by inetiiiH ol cUerui- 
(‘als, 48 

Thuja plicatn, Polystictua abielinlts <m, 
18i; oeeidentaliMj Poria papyr^ysua o«, 
187 ^ 

Thnrheviii ihohpesioideh, host t f Hao- 
torium miilvacearinn, 455 157 
Tillelia, tritiei, 'wheat hiniit investigations 
in KaiiHtis, 3(1; lai'vih, diwt lieatmenlft 
for, 37; tritici, eylologleal studtow, 36 
37; dUhting for, 100 183; investip^vtimw 
of, in Kimsiw, 3(1; on ryi*, 21t) 21fi 
'riniQ-toniporaiure (‘urves for killing po¬ 
tatoes by heal treatineut, 4115 475 
Tims, E, Ch, see Jonkh, L. K. 

Tip burn, lot turn, 508 
TieiiALfi, W. H., An effective method of 
inoculating barley with eoveiod smut, 
651-664; and Tavlob, J. W., Organic 
mercury seed disinfectants, 38; 'I’AYiiOB, 
J. W., and GnimTHs, Marion A,, 
Esperimonts with hut wntor, ftormai- 
dehyde, copiior carbonate, and ehloro- 


pl'ol to,' iJi • t nliol of bio'le imit^ 
I-, loO • 

Tobi « ) oiu'ulrti Jwd sfKd, 14«; c*oni I 
hot* wihtfuc ill ww'd b«Sl , 50; ehtwn 
eidl. 11)7 11(1; du t 5bV hat 
HO HI; niosdc dies ol, 
Olpiduint hr:i*-Mnac on, ipp podc of 
Olpidutm puiasitic on 1“)! t.M; wdd- 
fue. I Ml 

'Tuniato Might, 520; inn kc\e It., of 520; 
coll IT lot of, 520; dunitnnu »(T ol 520; 
mo. an dbiswcnof, 555; tc.n giuilu « of, 
f*20;ih.M*nsc<‘, tauM'd bj riivtophi, nr., 
mexic'Uin. 531; hold contiol ol 
mowde. 372 375; tteiinfod> inieilnn 
on, lot) 4t0; host nt licit lodciii i nil 
cicoltt, 412? h\bii()H, hU'-ceptibllitj f<> 
ncmntodoh, ,437, tightning injury, I • 
iiioHnic, Mcl«oii’s ispiiid iHniiC', in, 330 
331; intracellular iMidie, in ti'^'-ucs ot, 
128 32{); stu*'*h*h of Olpidnun iMr.isitiu 
on, 461 454; varieticH .nists‘ptil>U'’ t' 
llelenHieiji mdieieohi, 441, 4U) 15(); 
and pciiper, bacterial pot of, 307 315 
T^ixicity Mudics, 532 512 • 

TiansmisMou, of lettuce nio oc b\ s»*ed«, 

Ti ee uioming glory, son Ip«mn«*n r j/iaflio* 
folia * 

• TIi5jHuw»i il. ' .. 'Hm' ' JiaiidUm dr 
certnin veuet iM- pi inf bv inseeti 
{Title only), 200 

Tjifolhmi, sdcvaiulimni. lni I of Iletero' 
deia radicicohi, 113, hvbiciuui, leaf- 
spot, 5); host of iHpItunibna trtfoUli 
117 128; lucnruntuiu, host of Iletero 
dnii riwiicieola, 412; pmteiiM*, host of 
Ih'teuMlem indieieola, M J; host of 
SphtteiiiUna txifoliii 117 1 'tl; le-if •'hut, 
50; iutnicenuinr badiisi tn tiHeues tif,' 
320 320• lepeiM, ho3 of llctertHlem ‘ 
radieieola, 442; boat of Hfihuerulitia 
trifolii, 117-120; lonf-Mpot, 5» 
Trigonella foetium graeenm, lioat of 
{leterodem iwJiciisilu, 413 
Tritlbum, aestivum, host of tt 4 *ptoiia 
aodorum, Iti; hiwt ol Meptoria tritici^ 
I6j hmt of ft'ptorhi 

. donim, R tritlei, 10; dicoecuni, tmaltxf 
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iiodoruin, 10; <Uniiiii, lu^^l of 
Hi'pOmii nudoium, H. Irilifi, 10; mono* 
focciim, liosi of Si'pfoiui nodoiimi, S. 
(nlin, 17; i>oloiii( \un, host of Hoplnna 
nodorinn, S. Inlici, 17; M])rhn, liost of 
Kpplonu nodonim, K. Irilici, 17; luv- 
guliiin, host ot Ki'pf 011)1 itodonitn, S. 
tnlii'i, 17; slnoii’' ol loaf nisi, 110 
'ri'ypimosoiiio UKo liodics in vSolnnncoous 
planls,:i21 025 

TsUf^a, lioloiophvUu, Fonioo pinioola. on, 
511; Polysljohis aluotiniih on, ISl; sp , 
hohi of PhomopHis psoudolsuf'uo, .'501 
I'ulip bliRht, 501) 

Turnip iuioo modinrn, forunilii of, 515 
Tylpnohns diimoi, 508; jiliyisiologioal 
si rains of, 111 

UluinHHpp., I\)lyHti('tus oonchifer on, 181 
irmoysliH, oppnhu', on onion, 508; trilipi, 
nniHinR flufi, sniui of wheal, 127*1510; 
lelaUon lo lemiioniliuc, 1110-i:i3; inor- 
phoIoKtc fi'iilures of germination, 131 
137 

irroniyees earyophylliuus, read ion (o 
fniiKieidi's, 532 5'i2 

l'‘«lila;j,o hoidiM, 153 LOO; mfeetiuii studies 
of, 6rA riQli^levis, 171, 183; nuda, 
153 1(!f0.;^V<h*'doimi', RPTirnMatiori of 
Hpores, 38 39 

VAPMiiAtr, W. ll., An iinportuul fieriod in 
lli(‘ lile history of two baetnrial organ* 
isms emising leaf-sixits on lobaceo, 
lit) III; OviMsnmmeiing of leaf mat 
of eeu'tds in Keiilueky, 33K 310 
Viilwi leuciaiotna, ilu' physiol()(?y of 
IK'ritheeial and pvenitlial formaiion, 
257 272 

Vimtmin iimequnlis, eontrol in Miissa- 
rhiM'll , lOiH'aelionlofimgh’ides, 532 

m 

\ertk‘illiiiin, alboutnun, caiisinK blue 
stem diseiis)' of blaek ra^Njiberry, 293; 
sit., eausing black heart of apricot, 210 • 
22'1 

■VRyiu, K. A., Hce ('iuhdon, (). 10. 

Vioia, agritineiwe, hoat of liidertxlera 
ladieieola, 443; biemiis, host of IIof(*ro> 


dera radnieoia, 11.5; d.is;^ eaipa, host 
ot Heteioileia lailieieola, 413; labn, 
host ol Ileterodcia tadicteohi, 112, 113; 
fulgens, host ot Ileterodcia ladieieola, 
413; li\oiida, host of Ilelerodera riuli- 
rieola, 113; ludovieitma, host of Ileieio- 
ilera ladieieolii, 113; ludovieiann, host of 
Ileteideia ladnieola, 113; iMimomea, 
host of lleteiodera ladieieola, 113; 
peiegi'ina, host of Ifelerodem ladieieola, 
113; poljpliylla, host of lletorodeia 
radieieola, 113; .saliva, host of Ilidero- 
deia latlnieola, 413; stiicta, host of 
lletottjdeiii ladieieola, 113; villosa, host 
of Ileterodcia rjulieicola, 413 

Vigiia unguieiihitu, host of Ileterodcia 
radieieola, 142, 443 

Vitih, aestivalis, eiueroa, eordifoliu, 510; 
lahriisea, ami rotimdiioliii, black rot on, 
300; \inifoi‘a., host for (luigtuudia hid- 
wclhi, 298; host lor Hiisinoparn viticola, 
298; host of Ileterodciu radieieola, 442 

Wales, plant disease survey of Knglaml 
and, 110 

WAnKRtt, tl. th, 'Phe hoi water lieatinont 
of eidtbage seed, 251 253; see .loNiis, 
h. II. 

Walton, U. (’, and OuroN, K., Time 
of applo blotch iiifeeliou for 1922 in 
southern IVnnaylvania, 43 11 

Wart. Did <*h varietica of pot alocH resist ant 
to disease, 51; of potato, 295 

Waleunelou, blossom-eud <leeay, 57 

Wjiiin, II. W.. see Mi'Kinnhy, 11. IF. 

WiiMMit. (iMoitoia F., MoHjiie disease of 
Hweet poliitocH, 12; IlI.Hi'ploriiidiBeHso 
of r^e, barley and emdain granses, 1 23 

W i.iMiiii, (5, I,., see UAuruK, b. b. 

Want, Jamk-i K., I’olvporus spraguei 
Berk., miwi* of hoarl rol, 288; The genus 
Polystictus and decay of living trees, 
181 180; Poria papyrueeii (>Sehw.) (’ko., 
187 

\\ Kiiiii- H, ('oi/iN («., Allow loaf-spot ditieiiKO 
of onion and garlic, 302 305; liCaf-stKitof 
let! ice, 289; and IloLPAN, Mmiltano F. 
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Another ceonoiuic* host ol Bnetciiuin 
sohuuu'Oiinun, ISS h)l 
WaNiGUK, AV\nda, l*athoio/i>icnl inor- 
pholopy ttC (hinnn wtn'at pmiiis nlhv'ttMl 
with “hlat'k point,” IS tt); Mtiulii’s on 
the canhOh ot stoin-eiul (liscolorntions of 
potato tnlieih in North I)nl>nta, fi,') 
Westorn hoinlock, m'o 1\upa hi'toroplivlla 
Western white pine, see Biims niontieolii 
Wehton, WiM 11., Jit., The proijuetion of 
eomdia at niftlil in speeies of Welero- 
tipora, Si 

Wheat, eontrol of stinkinp smut of, S7; 
dtusting of, tor Mnut, 109 1 S3; flag smut, 
127-139; f( oi-rot of in California, 5(>1, 
.'502; moriihology when ulTeeled with 
‘'black point,” 48-19; hderotiuni di- 
fioa&e of, 40;S-404; seed troatnient, 109 - 
183; bccdling blight of, 30; smut in¬ 
vestigations in Kanwih, 30; sthiking 
smut of, 334-337; take-iill, 608 
WHETZEn, IT. II., The Alternaria blight of 
potatoes in Bermuda, 100 103 
White clover, see Trifoliuiu ri'pens 
White fir, sie Abiefa graiidih 
White pine, hlihter rust, 290; prohout 
status of, in Canada, 291; in Michigan, 
285, 286; wintering over of the blister 

mat of, 283 ^ __ 

Wild tobaceo, see Nieotiana rustica 


Wildfini, of tobaeeo, 11() Ill 

1\ ili,ol (flnvsntithemuiu e«»ronarlum, ISS, 
of sunflower, 290, 196 

\\ INIJUAND, (biACK <)., The piodui-tioii hi 
culture of the asingmous stage of 
Kusntiiiin monihroime, r»l; see Jon \mm, 
ilimijN 

Winti'i* injury, stiaw'beii.v, .'iOS 

\Vonp, I'’itM>niut'K A.. .Studie-. on the 
physiology oi some plant patiiogenie 
haeteiia; VI1. Beetle fermentation in 
I'ultuie media <>ontaiinng pectin, 381 
381 

^^ood decay, stiulies in, .511 

WooiiMAN, 11. Rl., (Jvtologieal studies on 
the infection of wlu‘at .seedUngs by 
Tillotia tritici (lijcTk.) Wiut., 30 

Vcllows, celery re-nsiance, 56; raspberry, 

507 

YotiNO, fl. Sulphur iia a fungiehle. I, 
Colloidal Hullur, 60 

Yotwa, V. IL, Dibtiibution of Uibes ami 
five-noedU* pinidii the (Ikanogan llegion 
of Washington and Biitish f*oluinbia, 
511 

Zuckor'h Bordeau.y ini\tm(*,__fu>>eitA' of, 

-—ft«r=?rT2r 

ZuNnwE, G. B., .see ni.\i.i>, K II. 
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